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ABSTRACT- The paper discussed on the PDH and SDH 
technology based on their idea of synchronizing large 
stream digital data. PDH standard, which is the 
traditional way of transmitting large stream digital data 
across large scale digital network has network 
architecture that allows data streaming without having 
isochronous, that’s clocks running at the identical time 
(perfectly synchronized) to synchronize signal 
exchanges. Although PDH technology is old and now 
replaced with optical networking and synchronous 
digital hierarchy (SDH) schemes which offer much 
larger transmission rates, which is also the second 
hierarchy standard in view of this paper. SDH which is 
an advance of PDH, it utilizes lasers or light-emitting 
diodes (LED) for the synchronous optical fiber 
communication. SDH is actually a remedy for the 
synchronization problem of PDH for large telephony 
and data exchange activities. 

Keywords; PDH, SDH, Plesiochronous, Synchronous, 
Digital Hierarchy. 

I. INTRODUCTION : 

In order to have a good understanding of PDH and 
SDH, we need to grab and discuss the idea of digital 
data synchronization. Synchronous digital transition 
means the signal occur at exactly the same rate, but 
that may vary when it comes to two signals which 
solely lies within particular limits. In the case of two 
digital signals (Plesiochronous), the transition of data 
happens on almost same rate not exactly. With the 
difference being considered as the constraints within 
the tight limits. For Asynchronous the signal 
transition doesn’t normally happen at the same 
nominal rate, the variation between the two clocks has 
much difference against plesiochronous difference. A 
very good example to that is when two clocks are 
derived from free-running quartz oscillators the two 
clocks could be viewed as asynchronous. In general, 
timing is the most significant aspects. This paper is 
focused on the two digital hierarchies which are PDH 

and SDH. Plesiochronous Digital Hierarchy (PDH) 
which is the traditional way of transmitting large 
digital stream data is based on the idea of 
multiplexing the signals which means the signals run 
at almost same speed (Plesiochronous). Across 
different region of the world used different hierarchies 
which amount to the problems of international inter-
networking between the countries, for instant 
countries using 1.544Mb/s (USA, Japan) and others 
using 2.048Mb/s systems. For Synchronous digital 
hierarchy (SDH) which is more standard introduced 
by International Telecommunication Union (ITU) to 
address or to improve rather on the weaknesses of 
PDH. It is being deployed at all level of the network 
infrastructure including both long-distance trunk 
network and access network. It is based on the idea of 
overlaying a synchronous multiplexed signals onto a 
light stream which is transmitted over a fiber optic 
cable. SDH is also applicable on Radio relay links, 
electrical interfaces between equipment and satellite 
links. There is much expectation of SDH standards to 
give worldwide transport infrastructure for 
telecommunication for at least three decades. The 
additional bandwidth availability and configuration 
flexibility give it more advantage over the older 
telecommunication standard PDH. The paper would 
look at the two hierarchies with their networks 
architectures, standards, comparison, and possible 
limitations together with future SDH. [5][3] 

 

II.PLESIOCHRONOUS DIGITAL 

HIERARCHY:  
The transmission systems and hierarchies of PDH 
have been based on the idea of multiplexing signals 
when a voice circuit with a bandwidth of 4KHz is 
sampled at 8 kHz and quantized at 8 bits per sample, 
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which later produce 64 kb/s for a digital voice circuit. 
However, that was accepted as standard, and streams 
with higher speed were been considered as the basis 
of this 64 kb/s stream. PDH has a very good 
adaptability for older point to point communication, 
but with the rapid advancement of digital 
telecommunication the point to point transfer has 
become very less which makes most of the digital data 
transmission to have to go through the adapter making 
PDH not capable of modern telecom business 
development and network management which in turn 
gave the emergent of SDH. [3][1] 

A- LIMITATION OF PLESIOCHRONOUS 
DIGITAL HIERARCHY (PDH) 

Below are some major limitations of PDH which lead 
to the evolution of SDH; 

 PDH has no sufficient capacity for network 
management. 

 Network management in PDH is most 
proprietary. 

 In a higher-order bitstream, PDH is unable to 
identify individual channels. 

 Because of the two different hierarchies used 
around the world, it requires specialized 
equipment to interwork the two hierarchies. 

 PDH has no standard above 140Mbit/s. 

 

B- PDH HIERARCHY 

SIGNAL DIGITAL BIT 
RATE 

CHANNELS 

E0 64 Kbit/s One 64 
Kbit/s 

E1 2.048 Mbit/s 32 E0 

E2 8.448 Mbit/s 128 E0 

E3 34.368 Mbit/s 16 E1 

E4 139.264 Mbit/s 64 E1 

Table1: transitional signals and hierarchy 
[5][6] 

 

C- NETWORK ARCHITECTURE OF PDH 
An important point for promoting PDH devices is for 
the fact that it has a very good tradition for integrating 
time-division multiplexing technology and Ethernet 
fiber receiver. PDH devices have a lot of interfaces in 
addition to E0, E1 interfaces which are 100M Ethernet 
interfaces, low-speed data and voice data interfaces 
for meeting up with the various user requirements or 
needs. Which mean it has a good advantage in terms 
of power consumption integration, productivity and 
cost controlamong others. 

The easiest transmission signal of PDH is E1 with a 
digital bit rate of 2.048M and by using the PCM 
encoding, therefore you can multiplex 30 analog 
phones into 2M of base group E1; and four E1 can be 
multiplex into an 8M of a 2 groups known as E2; and 
four E2 can be multiplex into a 34M of a group 3 
groups known as E3; four E3 can also be multiplex 
into 140M of 4 groups known as E4 that’s, is PDH 
which is known as quasi synchronous systems. 

By using the traditional PDH as the network end 

access of a telephony network is not that easy to be 
deployed but it would significantly reduce the cost of 
operation in telecom. However, a unified telecom 
intelligent network comprises of system backbone 
SDH + end access PDH is very hard to achieve. The 
figure above shows the typical PDH hierarchy. 
[1][5][3] 

IV- SYNCHRONOUS DIGITAL HIERARCHY 

(SDH) 

The Synchronous Digital Hierarchy (SDH)is 
basically a telecommunication standard constituted by 
the International Telecommunication Union (ITU) 
called the International Telegraph and Telephone 
Consultative Committee (CCITT) and was first 
introduced into the telecommunication network in 
1992 which has been at rapid deployment ever since 
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then. The deployment of SDH is all at all level of the 
network infrastructure such as the long-distance trunk 
network and access network. The basis of SDH is 
overspreading a synchronous multiplexed signal onto 
a light stream conveyer over fiber-optic cable. The 
application of SDH can also be found in satellite 
links, radio relay links, and at electrical interfaces 

between equipment. The figure below shows how a 
simple SDH hierarchy is; 

A- THE BASIC SDH SIGNALS 

The basic format of an SDH signal permits it to 
accommodate many types of services in its virtual 
container (VC) due to its bandwidth flexibility which 
makes it possible to transmit high-speed packet-
switched services, ATM, distribution video and 
contribution video. Nonetheless, SDH supports the 
transport and networking at 2 Mbit/s, 34 Mbit/s and 
140 Mbit/s levels allowing the existing digital 
hierarchy. It also provides support for the transport of 
signals based on 1.5 Mbit/s hierarchy. 

B- Table 2 SDH HIERARCHY 

Bit 
Rate  

Abbreviated  SDH  SDH 
Capacity 

51.84 
Mbit/s  

51 Mbit/s  STM-0 2.10E+0
02 

155.5
2 Mbit/s  

155 Mbit/s STM-1  63 E1 or 
1 E4 

622.0
8 Mbit/s 

622 Mbit/s STM-4 252 E1 
or 4E4 

2488.
32 Mbit/s  

2.4 Gbit/s STM-16 1008 E1 
or 16 E4 

9953.
28 Mbit/s 

10 Gbit/s STM-64 4032 E1 
or 64 E4 

 

39813.M

40 Gbit/s STM-
256 

16128 E1 
or 256 E4 

bit/s 

 

STM = Synchronous Transport Module  

 

C- SDH NETWORK ARCHITECTURE 

 

The network management information in an SDH 
network is adopted by the Data Communication 
Channel (DCC) which lies within the Synchronous 
Transmission Module (STM) frames amidst SDH 
Network Elements (NEs).  There are four types of 
Network elements used in constructing an SDH 
network, namely: Digital cross-connect Systems 
(DCSs), Terminal Multiplexers (TMs), Add-Drop 
Multiplexers (ADMs) and repeaters. SDH-based 
network transport services and operatingsystem 
functions are supported by these devices. [6][4] 

 

 

D- NEXT GENERATION SONET/SDH SCHEMES 

Considering the present status of SDH, Ethernet over 
Sonet (EoS) we can come up with some suggestions 
of how the future of SDH would look like or be 
improved. For an instant, if you have SONET OC-768 
as an example, with digital transmission signal of 40 
Gb/s would demand a package that works fairly good 
up to 60 GH, which is the third-order harmonic of the 
equivalent primary frequency. Originally package 
designs more than 20 GHz have been looked on 
narrowband applications, packaging design options 
for the wideband performance become very limited at 
higher frequency range, especially for off-chip 
interconnections. The important areas where much 
emphasis would be deployed for the future SDH are;  

 

Network control and management, Technology 
evolution of the optical layer, Methods for fully 
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provisioning and Business case for optical-layer 
evolution. [4] 

 

TABLE 3 COMPARISON BETWEEN SDH AND 
PDH: 

SDH  PDH 

Allows multi-vendor 
interworking and SDH-
compatible network 
element to communicate 
with each other 

Specialized interface 
equipment is required 
for international 
interworking of two 
different hierarchies. 

It permits single-stage 
multiplexing and DE 
multiplexing 

It requires multi-stage 
multiplexing and DE 
multiplexing 

Eliminates bit-stuffing due 
to its synchronous system   

There is bit-stuffing at 
each level when adding 
or dropping an 
individual speech or 
data channel. 

The only particular channel 
is DE multiplexed when 
accessing a channel at a 
point of time 

An entire signal needs to 
be DE multiplexed when 
accessing a particular 
channel due to its 
inability to identify 
individual channels in a 
higher-order bit stream 

No back-to-back 
multiplexing  

There is the presence of 
back-to-back 
multiplexing when a 
channel cannot be 
accessed. 

Improves the quality of a 
signal and also reduces the 
cost of equipment. 

Low quality of signal 
with the high cost of 
equipment. 

 

V-CONCLUSION: 

PDH was the first digital multiplexing technique 
(1960/1970) with the primary objective of 
transmitting large stream digital data for 
telecommunication, however a demand for 
improvements arises which exposes the limitation of 
PDH such as no sufficient capacity for network 
management, network management in PDH is the 
most proprietary, the multiplexing technique is 
complex, PDH has no standard above 140 Mbit/s, all 
these limitations peculiar to PDH make the evolution 
of SDH possible and successful. SDH came with 
many advantages e.g. network simplification, high  

 

flexibility, management, integration of PDH, 
survivability, scalability… to touch on the weaknesses 
of PDH by transmitting data at virtual containers and 
using pointers to create a high-speed linkage. It was 
also predictedthat SDH can be in use for up to three 
decades due to its capability above PDH. 
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