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EDITORIAL

T his issue of the Journal on Communications com-
prises papers presented at the international seminar 
on Telecommunications Systems Measurements held 

on November 9 and 10 in Budapest. The idea of pub-
lishing a special issue of the journal with a simultaneous 
seminar with oral presentation of the topics is a new ini-
tiative of the editorial policy of this journal. The spe-
cial value of talks presented at a seminar is well known 
for engineers and managers. The flavour of meeting im-
portant people and discuss various details of a technical 
problem is obvious and gives an efficient way of obtaining 
substantial new informations. The organizing committee 
of the seminar invited representatives of eleven impor-
tant Western companies to present their results on new 
measurement techniques of modern telecommunications 
systems. We are sincerely grateful for getting positive 
response and significant contributions from Siemens AG, 
Hewlett Packard, Wandel & Goltermann, Anritsu Wiltron 
Ltd., Consultronics Europe, Alcatel Str AG, Rohde & 
Schwarz, Clemessy Electronique, Schlumberger Technolo-
gies, Marconi Istruments Ltd. and Seba Dynatronic. The 
participation and contributions of Hungarian institutions 
is also emphasized. The experts from the Department of 

Telecommunications and Telematics and the Department 
of Atomic Physics, both of the Technical University of 
Budapest and the Hungarian Telecommunications Ltd. 
presenting their new results and general methodology of 
telecommunications systems measurements were signifi-
cant in promoting the success of this issue. 

The most important topics include the measurement of 
• Synchron digital hierarchies 
• Digital data transmission 
s Telecommunication protocols 
s Digital exchanges and networks 
• Digital mobile radio systems 
• Optical transducers 

During the seminar a panel will be organized on new 
measuring and test methods in telecommunications. 

And last but not least an exhibition will take place con-
currently with the seminar presenting measuring equip-
ments of exhibitors listed at the end of this issue. 

The seminar and this special issue could not be realized 
without the substantial help and activity of the Scientific 
Society for Telecommunications, Hungary and the finan-
cial aid provided by the PHARE program. 

A. BARANYI 

András Baranyi graduated in electrical en-
gineering from the Technical University of 
Budapest in 1960. He received the Candi-
date of Technical Sciences degree from the 
Hungarian Academy of Sciences in 1976. 
Since 1960, he has been with the Re-
search Institute for Telecommunications, 
Budapest. He has worked on circuit design 
of microwave FM systems, FM disortion 
analysis and transistor modelling problems. 

From 1973 to 1976, he was head of a section working on data 
communication. From 1980 to 1986, he was heading a department 
developing satellite communication systems. I-us present interests 
are in the field of nonlinear circuit modelling and analysis. He 
has given several courses at the Technical University of Budapest, 
where he is an associate professor. In the academic years of 
1970-71 and 1980, he was research visitor at the University of 
Maryland, Collage Park and the University of California, Berke-
ley, respectively. Since 1991, he is editor of the Journal on Com-
munications. 
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SDH, THE SYNCHRONOUS DIGITAL HIERARCHY, 
A CHALLENGE FOR THE MEASURING TECHNIQUE 

D. SEIDEi. 
SIEMENS AG 

OTTO HAHN-RING 6 
D-8000 MÜNCHEN. GERMANY 

The paper outlines the differences between the testing of PDH and 
SDH transmission systems. The challenges in the measuring the SDH 
systems are shown considering the large number of built-in supervisory 
and management functions. The special measuring tasks in SDH tests 
are topics like SDH PDH analysis, pointer stress tests, BIP tests, etc. 
are explained. 

1. THE ADVANTAGES OF THE SYNCHRONOUS 
DIGITAL HIERARCHY 
Before the next decade is out, telecommunications will 

be based on flexible networks and will have made the 
change from PDH-systems to SDH-systems. For this 
purpose the multiplex signal requires adequate bit re-
serves/overheads for controlling and managing the net-
works. In order to create sufficient transmission capacity 
to accommodate the additional information, the interface 
standard SONET (Synchronous Optical Network) was de-
vised in USA. 

The CCITT proposed this standard as the basis for an 
international specification for the Network Node Interface 
(NNI). This gave rise to a new international standard, the 
Synchronous Digital Hierarchy (SDH), which took into 
account the CEPT, ETSI hierarchies in Europe. 

The transmission with SDH is a decisive step towards 
a high-capacity, internationally standardized digital trans-
mission network. For the first time, the optical transmis-
sion line characteristics will also have been standardized so 
that sections from different vendors can be interconnected 
without problem (mid-span-meet). 

The advantages of SDH transmission are summarized as 
follows: 
• Bit rates above 140 Mbit/s standardized 
• Capable of transmitting future wideband signals 
• Large additional bit capacity ('overhead") in the trans-

mission signal for additional information and for super-
vision, maintenance and control functions in the trans-
mission network 

• Capable of synchronous and plesiochronous operation 
(pointer method) 

• Capable of transmitting all signals of existing ple-
siochronous hierarchies 

• Higher-order multiplex signals are integer multiples of 
155.520 Mbit/s basic bit rate 

• Access to individual transmission channels 
• Optical signal on the line standardized for first time 

SDH features are given in Fig. 1 by comparing them to 
PDH characteristics. 

Pleslochronous Digital 
Hierarchy 
• Plesiochronous network 
• Asynchronous multiplexing 
• A different frame structure 

for each muiltiplexing stage 
• Bit interleaving 
• Timing adaption by positive 

bit justification (stuffing) 
• Access to individual inter-

leaved channels only possible 
after demultiplexing 

• Bit rates above 140 Mbit/s 

not standardized 

Synchronous Digital 
Hierarchy 
• Synchronous network 
• Synchronous multiplexing 

with pointers 
S Same frame structure for 

all multiples stages 
• Byte interleaving 
• Timing adaption by positive-

zero negative byte 

justification 
• Access to individual inter-

leaved channels after 
evaluation of the pointer 

S Bit rates above 140 Mbit/s 
standardized 

Fig. 1. PDH and SDH features 

The principle of SDH multiplex transmission is illus-
trated in Figs 2 and 3, respectively. Plesiochronous sig-
nals are adapted with stuffing bits or bytes to the relevant 
higher container. Overhead and pointer information are 
added to the content of the container. 

hierarchy 
based on 
t5 Mbit/s 

Plesio- 
chron-
signal 

Fig. 2. Multiplex transmission principle 

Container 

Container 
(Cl 

Hierarchy 
based on 
2 Mbit/s 

Virtual 
Container 

IC) 

Pointer (PTR) 

Path Overhead IPOH1 

Fig. 3. SDH system blocks. 
Path overhead (POH) 

Pointer (PTR) 
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The construction of the STM-1 frame is given in Fig. 4. 
The first 9 bytes of the rows 1 to 3 and 5 to 9 are overhead 
informations. The remaining 9 X 261 bytes contain the 
payload. It is synchronized to the STM-1 frame with the 
pointer (PTR). 

~ 
5 

~ 

9 
270 

261 

SOM Section Overhead keles length 125 s 
PTR Power indicating start of payload Numerkal data in bytes 

Fig 4. STM-1 frame 
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2. THE OVERHEAD FUNCTIONS, MEANS TO SUPER-
VISE, CONTROL AND MANAGE THE SDH SYSTEMS 
Overhead bytes provide additional information enabling 

the network operator to transport the payload reliably and 
safely from source to sink. The overhead bytes contain 
information such as frame alignment, status monitoring, 
fault location, maintenance and control functions. This 
is the basis for the TMN, the TYansmission Management 
Network, which should allow independent operation of the 
systems. In Fig. 5 the SOH bytes are given with the listing 
of their purpose. 

Al ‚A2: Frame synchronization 
B1 ,B2: Parity words for fault detection 
Cl: STM-01 identification in STM-N 
D1-D12: Data channels for in-service 

monitoring 
El ‚E2: Service channels for voice 

transmission 
F1: User channel 
K1 ,K2: Control of protection 

switching 
Z1 ,Z2: Reserve channels 
All bytes which are not identified are 
reserved for national purposes 

Fig. 5. SOH block 

The SOH block consisting of 8X9 bytes is connected to 

the payload as shown in Fig. 4. 
The international standard provides for plesiochronous 

signals from bit rates used in USA, Japan, Europe being 
transniitted in Synchronous Transport Modules (STM). 
With 64 kbit/s as the basic bit rate in both hierarchies, the 
STM-1 (Synchronous TYansport Module 1) with 155 Mbit/s 
and integral multiples thereof (STM N), has been defined 
as standard. The hierarchical network depicted here shows 
the ways of transmitting existing plesiochronous signals in 
the STM-1 signal. There is a suitable container for each 
individual plesiochronous signal in both the US and ETSI 
hierarchies. 

Adding the path overhead produces the virtual container 
(VC). If a virtual container is adapted directly to the STM-
1 by means of a pointer the result is an Administrative Unit 
(AU). Pointers are employed to synchronize the payload to 
the parent frame. There is no fixed relationship between 
the frame and the payload. 

Some T%ibutary Units (T U) are, before being mapped 
into the next higher container, combined to a Ttibutary 
Unit Group (TUG). 

Fig. 6 shows the SDH multiplexing structure as defined 
by CCITT. 
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Section }  - Path 

: Pointer processing 
: Multiplexing 

-- : Aligning 

.— : Mapping 

3. MEASURING TASKS ON SDH SYSTEMS 
As indicated above, the SDH systems have a large num-

ber of embedded monitoring, testing and management 
functions. These functions, in conjunction with a fu-
ture TMN (flansmission Management Network), could, in 
principle, provide virtually autonomous self-management 
of the network including protection switching, fault loca-
tion and even some degree of fault elimination. 

.-‚  C-1,2

C-3,4 

Fig. 6. SDH multiplexing structure 

Below here is shown how the SDH systems measure and 
report block errors during operation. This procedure is 
called Bit Interleaved Parity (BIP). On the transmit side 
a code word, n bits long, is formed over a bitstream 
of a given length. The code word is transmitted in the 
respective overheads. On the receive side the same code 
word is formed and compared with the incoming word. 
Any discrepancy is an indication of one or more bit errors. 
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Fig. 7. Supervising sections in SDH systems 

Fig. 7 shows the supervising sections within SDH sys-
tems. One sees the plesiochronous ends, the mapping into 
containers and various transmission sections. For error 
supervision serve the BIP-2, BIP-8, or BIP-24 depending on 
the importance of the section. For example BIP-8 means 
1 byte (8 bits) for supervision of a VC4 (140 Mbit/s). 

The question arises, why do we need test equipment at 

VC-3,4 
VC-1,2 C-1,2 -. 

C-3,4  -. 

all when the SDH systems manage by themselves? There 
are several answers: First of all the Transmission Manage-
ment Network will not by fully operable for some time 
to come. Then, SDH is a completely new transmission 
system with a lot of "teething problems" which nobody can 
foresee. Furthermore, for many years there will be a mix-
ture of SDH and PDH systems in the network. Which 
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