Right on the Money!

Application Note 66

Advanced Network
Test Solutions:

Test SONET/SDH/PDH
and DWDM networks
fast and efficiently
with WG CATS

Communications Test Solutions



Abbreviations:

AIS Alarm Indication Signal

ANSI American National Standards Institute
APS Automatic Protection Switching

ATM Asynchronous Transfer Modus

CATS CVI Application Test Sequences
CRC Cyclic Redundancy Check
DWDM  Dense Wavelength Division Multiplex

ES Errored Seconds

GUI Graphical User Interface

ITU-T International Telecommunications Union
Telecommunications

LOS Loss of Signal

LOF Loss of Frame

LW CVI  LabWindows CVI

NE Network Element

PDH Plesiochronous Digital Hierarchy

PRBS Pseudorandom Bit Sequence
RX Receiver

SES Severely Errored Seconds

SDH Synchronous Digital Hierarchy
SONET  Synchronous Optical Network
ST™M Synchronous Transport Module
X Transmitter

us Unavailable Seconds

Publishing details
Author: Walter Besse

Publisher:

Wandel & Goltermann GmbH & Co.
Elektronische MeBtechnik
Mihleweg 5

D-72800 Eningen u. A.

Germany

Subject to change
Order no. E 05.99/WG1/66/3.5
Printed in Germany O

The ANT-20 Advanced
Network Tester is a
powerful test platform
which provides test
solutions for SDH,
SONET, PDH, and ATM.
The WG CATS software
(CVI Application Test
Sequencer) is available
as an option. As
described in this
brochure, the software
enables control of
ANT-20 test functions
using automated
program sequences.

It runs directly on the
instrument’s built-in
PC.
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Test SONET/SDH/PDH networks fast
and efficiently with WG CATS

The push for full availability makes
new demands of test equipment

With today’s telecommunications networks
reaching for the 100% availability mark, we must
offer some thanks to the test equipment used
for quality assurance. However, the expense of
lining up and maintaining lines is considerable,
representing a major cost factor that is growing
along with demand for new lines. To get a grip
on these costs, network operators require econ-
omical test solutions for installing and maintaining
network elements and lines. These are the major
requirements:

Higher test speed to reduce overall test time
Greater test depth to check the (complex)
interplay of all functions
Avoidance of potential measurement errors
to assure good reproducibility of results
Easy interpretation of results with specification
of limits (PASS/FAIL)
— Documentation of all results as a basis

for quality and reliability analysis
— Verification of compliance with norms

In a conventional test strategy, the test specifi-
cation (or line-up specification) is worked through
item by item. The test equipment is operated
interactively and manually. Most results have to
be manually entered into the test report. This
traditional technique is time-consuming and
expensive, however, and faulty operation can
easily lead to measurement errors. During the
documentation process too, even if you are very
careful an error can creep in when reading off
results or entering them into the report. Such
errors make it impossible to properly reproduce
results later.

This Application Note considers the examples of
commissioning of leased lines and measurements
involving very complex signals on DWDM links,
and shows that a flexible test automation system
can reduce test times and prevent measurement
errors.



Example: Commissioning
a 2 Mbit/s leased line

Depending on whether the leased line uses an
SDH path or a PDH line, various built-in
mechanisms are available for quality monitoring.
Common techniques include:
— Cyclic redundancy check (CRC) in 2 Mbit/s
PDH lines
— Bit interleaved parity check (BIP) on SDH and
SONET paths.
To assure reliable operation, careful line-up is
necessary once installation is finished. All functions
relating to normal operation are checked, as
well as the behavior in response to abnormal
operating conditions, as described in the relevant
Recommendations (ITU-T, ANSI). It is particularly
important to analyze system-related phenomena
that occur in response to clock deviations, pointer
movements, jitter and wander.
Likewise, the alarm signalling and error monitoring
equipment in the network transporting the new
line must also be checked for proper operation.
To do this, certain error states are simulated and
the network management system is checked for
a proper response.

Fig. 1: As the demand for leased lines grows, so does the
cost of verifying their quality. Complete PDH connections
and SDH paths are often routed via networks from different
providers. Leased lines must be carefully lined up to make
sure everything runs smoothly.

To check alarm signalling, the following measure-
ments are typical:

— Verification of alarm-free / error-free signal
during normal operation

— Verification of proper response to the following
alarm states: LOS (loss of signal), LOF (loss
of frame) and AIS (alarm indication signal on
incoming line).

Further tests are required to verify that all of the
interface parameters lie within the prescribed
tolerances. The following measurements are con-
ventional:

— Output jitter
- Jitter tolerance
— Pulling range (maximum clock offset)

The final step involves a long-term bit error ratio
test (BERT) using a pseudorandom bit sequence
(PRBS) as the test pattern.

To enable comparison with results from long-term
in-service monitoring, the measurements are
normally based on the quality parameters from
ITU-T Recommendation G.826 (ES, SES, US).
This final test should last 24 hours in order to
generate results that are truly applicable to normal
operation.

As you can see, the overall test procedure is
complex and can require a lot of time to execute.

Munich

Provider 1

SDH network

2 Mbit/s

Provider 1

Hannover

Distribution panel

:) 2 Mbit/s




Comparison between automated
and manual testing

Fig. 2 shows the individual steps in the typical
test procedure. In a manual measurement, the
operator performs all steps by hand. In other
words, each checkpoint in the test specification
must be handled individually when commissioning
a system or a connection. Based on real-world
experience, it is clear that errors can creep in here
at a number of places.

With an automated procedure, the operator

does not intervene manually, thereby practically
eliminating the potential for operating errors.

Test speed increases too since it is no longer
dependent on human operator response time.
Instead, it is a function of system timing.

Test automation:
The economical alternative

Due to the many benefits over manual measure-
ments, an automated test system comes to mind
when looking for more efficient test procedures
for field use. System manufacturers have long
deployed such automation in development, pro-

duction and final acceptance for quality assurance.

The test program generally runs on an external
controller. Settings and test commands are
transmitted to the test instrument via a remote
control interface. Almost all test instruments
today provide a standardized remote control inter-
face for this purpose (e.g. IEC 625/IEEE 488 bus
or RS232 interface).

To simplify generation of user interfaces for the
test programs, powerful tools are now available
such as LabView"™ or LabWindows" from National
Instruments, hp-VEE and Keithley Testpoint.
Some test instrument manufacturers even offer
their own script languages to accelerate the
process of creating test routines.

Using these tools, an automatic routine can be
optimally tailored to an existing test problem. The
time required depends on the complexity of the
task and can range from a few days to several
person-months. Creating test routines requires,
besides in-depth expertise in test technology,
knowledge of a common programming language
such as C or Visual Basic, or a graphical
programming language (GPL).
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errors @
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Nowadays, fluency in these tools and related
technologies is commonplace in test labs, in
quality assurance and in regression testing and
development departments. However, this is not
true among installation groups of manufacturers
and among network operators. Due to the many
required tests and the different interfaces to be
tested, test programs tend towards great
complexity. They can also be inflexible, and
require significant time to be adapted to a change
in the test or line-up specifications. Finally, test
technicians are usually lacking in the expertise it
takes to develop such test programs.

An automated test system running under an
external controller is generally immobile and thus
ill-suited to field use. This is the case even with
notebook-based solutions.

These problems have made it - hitherto — very
difficult to find more economical test solutions for
field use.

Fig. 2: Comparison
between manual and
automatic test
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Fig. 3: Predefined test cases make it possible to generate an automated
test sequence quickly and without any programming experience
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Fig. 4: As the basis for building fast, automated test solutions, Wandel & Goltermann
offers a comprehensive library of predefined test cases covering all measurements

needed for SONET/SDH/PDH and DWDM links.

WG CATS: The network operator’s
optimum solution

The WG CATS (CVI Application Test Sequencer)
software enables fast and easy entry into the world
of test automation even for complex measure-
ments. WG CATS was created with NI LW CVI and
basically comprises a collection of standard test
cases that users can assemble in any sequence
with no programming experience. Once created,
just click on the sequence to execute it. Features
of the software tool include:

— Fully automated test execution without user
intervention

— Clear assessment of results for each test step,
e.g. PASS/FAIL decision based on a specified
tolerance or threshold

— Simple user interaction in configuring the
system

— Complete recording of all measurement data
in a (printable) file

— Uniform, easy to interpret test reports

— Flexible adaptation to different test interfaces
and parameters

Wandel & Goltermann offers this software tool for
the ANT-20 Advanced Network Tester and other
test instruments. Use it to create test sequences
that execute right on the ANT-20’s internal PC.
They can include:

— Bit error ratio tests (BERTS)

— Alarm sensor tests

— Tests of performance monitoring sensors

— Tests of error and alarm signalling

— Measurement of APS time

— Jitter and wander tests

— Jitter tolerance and jitter transfer

- G.826 long-term test

— Trouble scan for all hierarchy levels of an SDH/
SONET signal



Creating automatically
executable test sequences using
“generic” test cases

As an example, we will now consider the test
sequence shown here. It was created with the
ANT-20 Advanced Network Tester and auto-
matically executes all measurements required to
commission 2 Mbit/s leased lines.

WG CATS uses “generic” test cases, which are
automatic test algorithms written in a generalized
way. By adding user-specific data, they can be
adapted to a particular situation. For example, the
test case “G.826 Analysis” is just as useful for a

2 Mbit/s signal with a 64 kbit/s PRBS payload

as an STM-1 or OC-3 signal with a 150 Mbit/s
PRBS bulk payload. Test parameters such as the
bit rate, signal structure, test pattern and electrical
or optical interface are set in the preceding test
cases. In the sequence here, for example, the
signal structure is defined right at the start of the
test sequence (Fig. 8). The overall test sequence
can thus be adapted very quickly to other bit rates
by simply choosing different signal structure
parameters; everything else stays the same.
Besides test cases that perform measurements,
there are many others to provide specific
instructions to the user (e.g. make a connection),
start timers, insert delays, display graphics,
transmit control commands to other devices or
output an audible signal in response to certain
events.

Test sequence Operation
Basic e TX 2 Mbit/s CRC e Set TX signal structure
settings e RX 2 Mbit/s CRC e Set RX signal structure
Test e View Alarm e Check for lack of alarms
parameters | e Continuity Check e Measure bit errors

e Pulling Range in channel

e Check LOS e Check offset

e Jitter Measurement e Set LOS, wait for AIS

e Jitter Tolerance e Measure intrinsic jitter

e Delay Measurement | e Measure jitter tolerance

e (G.826 Analysis e Measure dela

e (G.826 analysis (24 h)

Test end e Thank You! Test end

So easy: Load a test sequence and
start measuring!

Fig. 5 shows the Test Sequencer with the test
sequence from the above table. To start the test
sequence, just click on “Run Sequence”. The entire
test sequence then executes automatically.

On the other hand, “Run Test” just starts a single
test case. This is useful during troubleshooting, for
instance.

Eidwandel & Goltermann CATS / Test Sequencer
Fie Report

Waming Sequence  Test

[ czerphion: Sequence File: Lagin Lewel:
2 Mbds Line-Up nel. Jitter Testz 2mb_line.zqu Oeveloper 173344
- : - 0317939
Test statuz Repart Dizplay:
Mbic CRC o =
B¥ 2 Mh/s CRC TL 2 Mh/s CRC PASGS
View Alerm TK 2igna. type : PIH E1
Continuity Check mappirg : 0 MAPETNG

Pulling Ratge
Check LCH

Jitter Measuremeht
Jitter Tolerance
Delay Measurement
G.526 Analysis
Thank Tou!

d [

pavload-access

: FRAMED PATT Il : M PCITH

| o

Uze left nouse chck to z=t parameter

- m —lﬁuu fest

Q Stopped

Table:

Test sequence for
commissioning

2 Mbit/s lines,
including jitter
measurements

Fig. 5: To execute an
automatic test, just
load and start the test
sequence. The entire
test then runs without
any further user inter-
vention.




Wandel & Goltermann CATS / Test Sequencer
Fie Heport Warning Sequence Test

Dacription:

2 Mb/s Line-Up ncl. Jitter Tests

Sequonce File: Lagin Levek

2mb_line zqu Developer

Test status Fieport Display:

TX & Mhfs CRC

[T

17:3344
03-17--933

=

Z M FCH3

|

Use left nouse click to s=t parameter

- g .

E;Z_-ITesl Executive Sequence Editor

Test File Function Input
T Z Mb/= CRC fp sig_stru.ohl _set_sigmal structur 1#2.30,0,100 &) Edit
EX 2 Mb/s CRC fp sig_stru.obj _set_sigmal structur 2#1,.30,0,100
iew Alarm actalarm.ob) _read actual_alarms 1#1.000000,# _
Continlity Check sdh bas.ob) check tramsparency £, 1#1. 000000
Check LOS al _szens.ohj chzck alarm 2,1#700,1,0.¢ Cu:
Jitter Measuremert jitter.obj _chzck_jitter 44100000,20,1
Jitter Tolerance jitter.obj _check_jitter tolera 3,2,1#1.0,1,C Copy
Ielay Measurement delay.ob] _check_patterr. delay 1,2#2Z,380.000—
G.326 Parameters o326, 0b] _=er_and srtart_g82& Z#1,&,60.000C Paste
G. 826 Analysis g8Z6.0b] _check_gize 28 j
Edit Test Attributes
T
Check Loss of Sign..| Fun Optionz .. | Insert Aboyve |
Funztion Meme:
_ _check_alam | Clear Edits | Inzert Below |
Input Buffer
2147001 0.0 | SetupCleanp... |
File M ame:
Select Eile... | al_senz obj |
Sequernce Athibutes
Test Preconditions.. | Description. .. SetupdCleanup. . Report.. |

Signal Structure edit

Device [AHTZ0EssciD M Rt
T~
Signal Strucr
Signal type FDH E1 |
Mapping HO HAPPING -|
Payload - Access  FRAHED PATT E1 2 M PCH3D Vl

When a test sequence executes automatically, no
user intervention is generally required. The current
test status is indicated by highlighted the active
test case.

Based on its current results, each test case pro-
vides a clear PASS/FAIL decision. The PASS/FAIL
status for previous tests is also shown. Measure-
ment can be interrupted at any time if necessary,
e.g. to correct an error. A test sequence gets a
PASS if none of the specified limits are violated in
any of the tests. The end of the test is indicated
by displaying a PASS or FAIL banner (Fig. 6). An
audible signal can also be output.

Fig. 6: The PASSED banner appears when
a test terminates satisfactorily.

Modifying test cases

The Sequence Editor is used to create new test
sequences or modify existing ones. A set of
standard test cases is used, which are imported
from the Test Case List (Fig. 10). Using simple
operations (Copy, Paste), they can be assembled
to form sequences of any desired complexity.

Or you can take an existing sequence and modify
it by changing parameters and adding or deleting
test cases to suit the new requirements.

Fig. 7: In the Sequence Editor, you can use
the Cut and Paste functions to modify a sequence
to fit your requirements.

Graphical user interface (GUI)

The measurement parameters required in a
particular application (e. g. signal structure, bit rate,
mapping, tolerance limits, gating time) are edited
using a graphical user interface (GUI). The GUI lets
you easily modify parameters to meet current
requirements (Figs. 8 and 9).

Fig. 8: Sample test case with graphical user interface:
With Signal Structure edit, you can define the signal structure
for the entire test sequence.



Fig. 9: Using the Alarm Sensor Check test case, different
error states can be simulated to test error signalling and
check the response of the device under test.

The popularity is growing!

Programmable test sequences relieve the user of
dumb, repetitive tasks and free up his or her time
for more interesting and challenging activities.

WG CATS brings you a little closer to this objective.
Because WG CATS makes it possible to create test
sequences by linking predefined tests (without
significant programming background), users are
embracing the software more and more.

Available test cases

Within the WG CATS family, there are many
different test case packages available. Over the
following pages, you will see how to control
single instruments such as the ANT-20 and also
complete test systems, encompassing optical
test instruments, test point scanners and other
devices. Here, one device is the controller, and it
runs the others via an RS232 or IEC 625/IEEE 488
interface. If necessary, the test setup can be
remotely controlled via modem or LAN.

T |ANT20Basic D1 u

Alarm Stimulus |Los

FRati

1E 5

=
=
o
[k
1

Rix [BNT20Basic 10| Wait until check (sec) & ||
Expected Alarm No. 1 |RCI-2M |
Expecled Alarm Nu. 2 [MC-ALARM hd
Expected Alarm No. 3 |HC-ALARM -|

] Testcase List

Descripion

Test funclion name

"

WG-CATS Version 3.50

* SDH Version ONLY

Bazir Testoaszes (included in BN 3035795 40,

304540312 andé 3045/93.13)

Fet ITU-T Signal Structure RM/TH

Set ITU-T Channel Number BX/TH

Set TX Code, PRBS, Opzics, Clock, Trigger, Lewel
Set. RY Cnde, PRES, Np-ins, Sensitiwity, Frualizer
Set SDH Owverhead Byte

Set Parameters for GBI6 and Starts GBI6

et LUU-1 Farameters Zor AFS and Starts 4psh

Set & MBit/s 54 Bit Sequences

Fetup ANKIS50 Module (VXI only)

Define Trib.List for Scanning of Multiple Tribs.
Increxent Trib-Mumber of Defined Trib. List

_set_sigmal_structure
_set_tributaries
_set_t¥_adaptationi
_art_re_adaptatiom?
_set_SCH POH byte
_set_ard_start_gdif
_set_ard start AFj
_set_st_bit_sequence
_contrcl NREZ

_setup mscan trib
_uscan set_inc_trih

Check Transparency of selected channel
Check Transparency of SDH LCCs, El1, FL, Kl/KZ

_check_transparency
_rcheck_bvte_group_transparency _'I

Fig. 10: The Test Case List shows what test cases are available in the software.
A selected test case can be renamed in the Sequence Editor before inserting it into

a test sequence.



WG CATS simplifies measurements

on DWDM systems

Unlike conventional fiber optical systems which
transport a single SDH or SONET signal per fiber,
DWDM (dense wavelength division multiplex) uses
parallel transmission channels at different wave-
lengths (“colors”). To measure the SDH or SONET
parameters in such a system, a classic test set with
a broadband optical input is no use since it is
unable to filter the wavelength of interest out of the
composite signal. An adjustable filter is required
prior to the input of the SDH or SONET tester. This
function is provided by the same optical spectrum
analyzer used to measure the DWDM-specific
parameters. Fig. 11 shows a test solution with the
ANT-20 Advanced Network Tester and an OSA-155
Optical Spectrum Analyzer connected to its input.
The selected channel is connected through to

the monitor output of the OSA-155 for analysis by
the ANT-20. This test setup enables a complete
functional test, with the OSA-155 measuring the
optical power level, signal-to-noise ratio and the
wavelength deviation at each wavelength. The
ANT-20 analyzes the typical SDH and SONET
parameters (alarms, error rates, jitter, etc.) at each
wavelength.

Clearly, a typical DWDM test procedure encom-
passes many individual tests.

WG CATS lets you automate the entire DWDM
procedure to save time and prevent errors.

You can incorporate the measurements on the
DWDM signal and the typical SONET/SDH tests

Fig.11: The CATS
DWDM test auto-
mation software is
installed in the ANT-20,
which controls the
OSA-155 DWDM
system analyzer

into a single test sequence. One possible example
is as follows:

Level Test sequence
DWDM e Measure optical power level
signal for each “color”

e Measure optical signal-to-noise
ratio for each “color”

e Measure wavelength deviation
for each “color”

e Set filter to “Color 1”

Select e Measure SONET/SDH
“Color 1” parameter

e Set filter to “Color 2”

Select e Measure SONET/SDH
“Color 2” parameter

The WG CATS DWDM software runs on the
ANT-20’s built-in PC, which also handles control
of the OSA-155 via the RS232 or GPIB interface.
Fig. 12 shows the graphical user interface
employed to configure the entire test setup. For
measuring SONET/SDH parameters, the same
test cases are used as with other interfaces.

Fig. 13 shows the test case for measuring the
DWDM-specific signal parameters.

Coupler/opt. amplifier Opt. amplifier/opt. filter
X —] X A Opt. amplifier Opt. amplifier M RX | o X
O O
g o X E A2 Ao RX H %
1 | by iy L] 1
E — T S 7\,1 to 7\,4 7\,1 to }\44 2 RX et E
(%) A ) (%)
X |-t X —=2 - Test Port ‘4 RX X
/ nolos F<E0 - \\ 4
” B
RS232

T p——

LT L=

ANT-20 OSA-155
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Fig. 12: The Device Configuration window is used to
configure the entire test setup. It is automatically displayed
when loading a new sequence. All settings can be made
quickly in the selection fields.

Fig. 13: Special test functions of the OSA-155 can be
incorporated into the test sequence. Using the WDM Check
Selected Channels test case, you can measure, say, the
frequency, power level and S/N ratio at each wavelength.
To enable fast PASS/FAIL evaluation of the measurement
results, limits can be input.

A clear test report
makes it all reproducible

At the start of the test, you can enter important
comments such as the name of the line and the
technician handling the measurement. The system
automatically appends the date and time for each
measurement.

All of the data are automatically stored along with
the comments in a text file (ASCII format) and can
be printed if required. The clear test report comes
in very handy if any problems occur (Fig. 14).

Fig. 14: The clear test report contains all important data and
measurement results. This lets you repeat a measurement at
any time (reproducible measurements!).

) Device Configuration

I Device Inteface Frim

Addr
1 S[0%54155 <GP =l
2 SBNTZ0Basic S IMTERNAL

3 TMaone

Slot  Auws. SCPI Moritor
Selest & Emor Check
=l [

Dezcription

Opt. Spectr Analyzer

SOH Andyzer

IWDM Check Selectzd Channels

Device [Opt. Spect Analyzsr [D-1 n
Chi¢ Freg[THz] Description

o 1 190.100 colour # 1

g z 190._200 coloar # 2

B 190,300 colour # 3

4 190,400 colour # 4

—Channel Grid Settings

[V Freq. Drift[GHzl
[¥ Pawer [dEm]

[V 5 toM [dE]

First Channel |THz] : 190,100

Channel Spacing [GHz] = 100.0

Mumber of Channels =] 4
—FRead Results Check Limits ——

VB
o
i e

—Description File

Browee

4 ch_syzlin
Select Al | Edit Description | Select None
———Set COSA4-155 to UDM mode——-
Threshold —7.00 dEBEm
3 to N distance 50.00 GH=
MNuber of channels 5 4
First Channel 1540.557 nm
Channel Spacing 200,000 GHz
Check Sel. DWDM Ch. PASS
Ch.# Freg[THz] dF[THz] P [dBm] S [dE] | State | Description
1 120. 100 0.025 -1.40 20.40 | PASS | colour # 1
2 190.200 -0.005 -1.30 21.30 | PASS | colour # 2
3 190,300 0.003 -1.z20 21.z0 | PASS | colour # 3
4 190.400 -0.030 -5.60 15. 60 | PASS | colour # 4
ANT RE STH-168 PA3S
RXE signal type @ STH-16
mapping : A4 VC4
payload-access @ BULE

DWDM Color # 1

Check SDH Alarm PASE
Check E1 Errors PASS
DWIM Color # 2

Check SDH Alarm PASS
Check E1 Errors PASS
DWDM Color # 3

Check SDH Alarm PASE
Check E1 Errors PASS
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Via Pomponazzi 25

1-20 141 Milano

Tel. +39-02 895 12381

Fax +39-02 895 11780

Netherlands

Wandel & Goltermann bv
Postbus 1575

NL-5602 BN Eindhoven
Tel. +31-40-267 97 00
Fax +31-40-267 97 11

Norway

Wandel & Goltermann AB
Postboks 134, Skeyen
Hovfaret 13

N-0212 Oslo

Tel. +47-22-504090

Fax +47-22-504025
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Spain/Portugal

Wandel & Goltermann S.A.
c/Arturo Soria n© 343 - 32
E-28033 Madrid

Tel. +34-91-383-9801

Fax +34-91-383-2263

Sweden

Wandel & Goltermann AB
Box 6044

Ellen Keys Gata 60
S-129 06 Hagersten

Tel. +46-8-449 48 00
Fax +46-8-449 48 39

Switzerland

Wandel & Goltermann (Schweiz) AG
Postfach 779

Morgenstrasse 83

CH-3018 Bern 18

Tel. +41-31996 44 11

Fax +41-31996 44 22

United Kingdom

Wandel & Goltermann Sales Ltd.
Portland House, Aldermaston Park
Aldermaston, Berkshire RG7 4HR
England

Tel. +44-1189 409200

Fax +44-1189 409210

e-mail: wguk.help@wago.de

East and South East Europe
see Austria

Africa

Wandel & Goltermann GmbH & Co.
Vertriebsgesellschaft

P.O.Box 1155

D-72794 Eningen u.A.

Tel. +49-7121-861183

Fax +49-7121-86 2155
export.germany@wwgsolutions.com

Asia
Middle East see Africa
South East Asia see Australia

CIS Countries/Iran/Turkey/Pakistan
see Austria

China

Wandel & Goltermann Pty. Ltd.

Beijing Office

Suite 1608 Corporate Square

No. 35 Jinrong Street, Xicheng District
Beijing 100032

Peoples Republic of China

Tel. +86-10-8809 1288

Fax +86-10-8809 1298

India

Wandel & Goltermann Pvt. Ltd.
R. K. Khanna Tennis Stadium
Africa Avenue

New Delhi 110029

Tel. +91-11-619 6420

Fax +91-11-619 6190

Hong Kong

Wavetek Wandel & Goltermann Ltd.
Rm 1901-2 Jubilee Centre

18 Fenwick Street

Wanchai, Hong Kong

Tel. +852-2528-6283

Fax +852-2529-5593

Japan

Wandel & Goltermann K.K.
Kyoritsu Shin-Yokohama Bldg. 6F
2-15-12 Shin-Yokohama
Kouhoku-ku

Yokohama, 222-0033

Japan

Tel. +81-45-473-9501

Fax +81-45-473-9812

Republic of Korea

Wandel & Goltermann Ltd.

1st Fl., Yehsung Bldg.

150-30 Samsung-dong, Kangnam-ku,
Seoul 135-091, Korea

Tel. +82-2-563 2236/7

Fax +82-2-563 2239

Singapore

Wavetek Asia-Pacific Pte Ltd
438B Alexandra Road

Alexandra Technopark Hex 06-07
Singapore 119968

Tel. +65-377-3003

Fax +65-377-3033

Australia and Pacific Region

Australia

Wandel & Goltermann Pty. Ltd.
P.O.Box 419

World Trade Centre
Melbourne, Victoria 3005
Australia

Tel. +61-3-9690 6700

Fax +61-3-9690 6750

New Zealand

Wandel & Goltermann Pty. Ltd.
P.O.Box 10418

The Terrace

Wellington

New Zealand

Tel. +64-4-4952290

Fax +64-4-4952292

For all other countries
(not listed) please contact:
Wandel & Goltermann GmbH &Co.
Elektronische MeBtechnik
Marketing International
Postfach 1262

D-72795 Eningen u.A.

Tel. +49-7121-861616

Fax +49-7121-861333

E-mail: info@wwgsolutions.com
http://www.wwgsolutions.com



