
 
 
Abstract—The next generation optical wavelength division 

multiplex (WDM) network will transport a stupendous aggregate 
data rate that consists of all existing types of payload, synchronous 
and asynchronous, and all types of traffic, voice, video and 
internet. The Optical Supervisory Channel (OSC), which is an 
important section in every DWDM system, carries voice and data 
between sites for monitoring and controlling all specifications in 
the system. This paper describes a complete OSC circuitry 
implemented in a FPGA (Field Programmable Gate Array) chip. 
High density and speed of FPGA chips cause that we can 
implement accuracy requirements of the design. Using of 
Manchester code in the plan achieves some beneficial features such 
as non saturation in optical receiver modules, better 
synchronization and error detection in optical communication. The 
design focuses on precision and maximum throughput in an OSC 
board.  
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I. INTRODUCTION  
ENSE WDM or DWDM is a leading technology for 
extremely demanding networking solutions. The 

“density” refers to the closeness of the technology’s signal 
frequencies to one another. DWDM platforms typically 
support all point-to-point and ring topologies, as well as a 
wide range of transmission distances. The technology can 
potentially transmit over hundreds or even thousands of 
kilometers using proper amplification and dispersion 
management techniques. Because DWDM is completely 
protocol-independent and transparent, it can carry any 
transport protocol, including SONET, SDH, storage 
protocols, data, video, and other types of transmissions. 

Most metro DWDM platforms support up to 32 protected, 
or redundant, wavelengths, providing enormous density and 
scalability. Organizations can further increase density using 
service aggregation. Service aggregation supports multiple 
service types per wavelength for efficient transmission. This 
flexibility enables companies to efficiently maximize the 
carrying capacity of all of their wavelengths over a single 
pair of fiber, lowering the total cost of ownership and 
reducing equipment requirements. 
The information such as data and voice of every site are 
transported to all the amplifier sites through an OSC 
(Optical Supervisory Channel) signal in the same fiber 
having a wavelength of 1,510 nm. The OSC provides an 
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out-of-band, full-duplex communications channel for remote 
node management, monitoring and control similar to the 
Data Communications Channel (DCC) of SONET/SDH. 
The OSC for network management and control is optically 
separate from user data (wavelengths). So even if the OSC is 
lost, data forwarding continues uninterrupted. 

Equipped with its 1510 nm MUX/DEMUX filter, the 
OSC travels the same fiber as the DWDM stream and 
always terminates on neighboring nodes. Because it has a 
dedicated wavelength, the OSC data is entirely independent 
of the user data. The OSC is implemented as a point-to-point 
carrying a 2.048 Mb/s used for inter-nodal management and 
control. 

Implementing of all OSC features can be done with a 
FPGA chip that the plan is described in the paper.  

II. FEATURES OF DESIGNED OSC CAPABILITIES 
• Dual-SFP Transceiver Compatible with 120Km 

Transmission Length 
• Voice Connection (Point to Point & Conference) 
• Voice Alignments (No Sync, Busy, Wrong, Free, 

Ring Back Tones) 
• Pulse and Tone Dialling, Caller ID 
• Compatible with conventional Telephone Set 
• Settable Variable Numbering (101 ~ 115) 
• Data Connection: 

Throughput ability:  
- 1slot=64 kbps ~ 29slot=1856 kbps 
- Implemented 4slot=256 kbps 

• Quad Buffer for west/east, send/receive 
• Fully pack/unpack Supervisory frame in each station 
• Manchester code and decode on transmit and receive 
• Fully low voltage design (3.3V) 
• Housekeeping Alarm handling Ability 
• Bit Error Rate Measurement Ability 

 

 
Fig. 1 Block diagram of the OSC board 

 
Fig. 1 represents a block diagram of the OSC board. 

Voice is provided via SLIC and CODEC circuitries and 

DWDM Optical Supervisory Channel by 
Manchester Code on FPGA 

 

Hossein Borhanifar, Ali Poureslami, Seyed Ali Alavian

D

World Academy of Science, Engineering and Technology 72 2010

203



there is a DTMF component for Tone Dialing and caller ID 
features. In other side, data which is provided by CPU card 
is received by HDLC controller and a microcontroller. Both 
voice and data are integrated in a FPGA chip. The 
EP2C5TC144-8 is a cyclone family of Altera’s devices. This 
component, which includes 4780 logic cells, 127876 
memory bits, 2 PLL’s and 26 multipliers, is choice for our 
design. Voice, data and all required signals are transmitted 
and received by circuits in the FPGA. Every OSC board has 
communicates with 2 DWDM systems which are located in 
east and west sides. So each board has two SFP for optically 
communicate with east and west stations.  

III. DIFFERENT FUNCTIONS IN THE FPGA  
    The diagram in the Fig. 2 shows different functions in the 
FPGA device.  
 

 
Fig. 2 The diagram of all blocks in the FPGA 

 

A. Telephone Driver 
The telephone driver block controls voice and required 

signals about telephone. The voice can be as point to point 
or conference connection. It also supports voice alignments 
such as no sync, busy, wrong number, free and ring back 
tones, that every one actives in own special situation. Both 
of dialing, pulse and tone, are provided in this block. One 
important think about this design is compatibility with 
conventional telephone sets. according to diagrams of fig. 2, 
the telephone driver block writes or reads speech and 
signaling in RAM_SP or RAM_SIG memories respectively 
according to the east or west side. 

Conference mode is supported in the OSC that a special 
number is dedicated for this mode and all users in sites can 
speak together. Fig. 3 illustrates how two voices are mixed 
together. 
 

 
Fig. 3 mixing two voice signals  

 
The output of CODEC is PCM, which is a kind of 

modulation in digital for voice. We cannot add 2 PCM’s for 
mixing them. As can be seen in fig. 3, at first they should be 
converted to linear mode (13 bit) and added then the mixed 
linear voice is converted to PCM (8 bit).   

B.  Micro Interface 
Micro interface block communicates data from CPU card 

to other DWDMs and vice versa. 29 slots of E1 frame 
allocate for data. Therefore, the throughput is 1856 kbps for 
data. This block writes data in FIFO_TX and reads data 
from FIFO_RX according to the sides. 

All RAMs and FIFOs are implemented internally in the 
FPGA chip. And we don’t use any external memory for the 
design. 

C. E1 Transmitter and Receiver  
E1 transmit block reads speech, signaling and data from 

the memories and then locates them in E1 frames. The block 
creates E1 format according to the G.703 and G.704 
protocols. In other side, received E1 format is recognized by 
E1 receive block and it separates voice, signaling and data 
then writes in relative RAMs.  

D. Manchester Coding and Decoding 
 In addition, Manchester code is performed in E1 out. 
Manchester code causes that we have 0 and 1 throughout the 
frame. So, the optical receiver doesn’t saturate and clock 
recovery can be easy for receiver block.    

IV. MANCHESTER AND NRZ CODE COMPARE  
Non-return to Zero (NRZ) and Manchester codes are used 

in digital systems to represent the binary values "1" and "0". 
Fig. 4 defines how NRZ and Manchester code represent 
binary values. NRZ is the code most often used. In NRZ,    
logic "1" is represented as a high level throughout a data 
cell, and logic "0" is represented by a low level. Manchester 
code represents binary values by a transition rather than a 
level. The transition occurs at mid-bit, with a low-to-high 
transition used to represent logic "0", and a high-to-low to 
represent logic "1". 

Depending on the data pattern, there may be a transition 
at the cell boundary (beginning/end). A pattern of 
consecutive "1s" or "0s" results in a transition on the cell 
boundary. When the data pattern alternates between "1" and 
"0", there is no transition on the cell boundary. 

In NRZ, only one level/data cell is required, while in 
Manchester, two levels are required. A DC component 
exists in NRZ when contiguous "1s" or contiguous "0s" are 
transmitted. When the data pattern alternates between "1s" 
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and "0s", the frequency response is equal to 1/ 2 the clock 
rate. The frequency response for NRZ then ranges from DC 
to clock/2. The frequency response of Manchester code 
ranges from clock/2, occurring when the data pattern is 
alternating "1s" and "0s", to clock.  

  

 
Fig. 4 Binary Values for NRZ and Manchester Codes 

 
Two advantages of NRZ are that it does not require 

encoding/decoding, and it makes the most efficient use of a 
communication channels bandwidth. Manchester requires a 
modulation rate twice that of NRZ to transmit the same 
amount of information. This can be important in bandwidth 
limited communication channels. On the other hand, the 
receiver of NRZ requires a true DC response. Since, 
Manchester code has no DC component, it can be 
transformer coupled. The mid-bit transition in Manchester 
code provides a self-clocking feature of code. This can be 
used to improve synchronization over non-self clocking 
codes as NRZ. The transition also allows additional error 
detection to be done with relatively little circuitry. 

In serial communication, clocks are used to define the 
size/boundary of a data cell. With a non self clocking code, 
since the clock and data are distinct, there can be skew 
between clock and data. In magnetic media applications, 
skew may be due to variations in the tape drive speed. In 
serial communication, skew results from differences in the 
transit delay between clock and data lines on long serial 
links. 

One design objective in serial communication is to 
decode data correctly in the presence of noise, or an 
otherwise degraded signal. Signals have non-zero rise and 
fall times during which the signal value is indeterminate. In 
a receiver, sampling, or the decoding of the value of a 
signal, should occur as far from the signal transition as 
possible. Sampling at the time furthest from the signal 
transition is known as center sampling. 

In a Manchester decoder, center sampling occurs at points 
1/4 and 3/4 through the cell, since transitions occur always 
at mid-bit and sometimes on the cell boundary. In addition 
to center sampling, the receiver in a Manchester decoder 
does clock recovery. Since Manchester has transitions at 
least once each data cell, the receiver has known references 
to which it can resynchronize at each bit. 

To synchronize to an incoming serial data stream, the 
receiving circuitry in a Manchester decoder can use a digital 
phase lock loop or a counter algorithm. Digital phase lock 
loops are most often used in networks with a ring topology 
while counter algorithms are common in point to point links 

V. ERROR DETECTION  
The most commonly used error detection schemes in 

serial communication are parity and cyclic redundancy 
check codes. When Manchester code is used, a small 
amount of additional circuitry can detect bit errors. Fig. 5 
represents how the mid-bit transitions of Manchester code 
allow error detection.  

Fig. 5 shows four rows of transmitted data, with the first 
row the valid Manchester representation for a logic "1". The 
three lower rows are waveforms of a corrupted form of the 
first row, and are erroneously transmitted data. 

When Manchester data is shifted in serially into a shift 
register in the decoder, an exclusive OR can monitor for 
different values on each side of the data cell (since there is a 
mid-bit transition). With this error detection, an error is 
undetected only if each half of a data cell transitions from its 
original state. 

 
Fig. 5 Manchester Code Mid-bit Transitions 

VI. SYNTHESIS OF THE DESIGN 
We use Quartus II software for compiling of the design 

The Quartus II development software provides a complete 
design environment for system-on-a-programmable-chip 
design. Regardless of whether we use a personal computer 
or a Linux workstation, the Quartus II software ensures easy 
design entry, fast processing, and straightforward device 
programming. You can easily combine different types of 
design files in a hierarchical project, choosing the design 
entry format that works best for each functional block. The 
Quartus II Compiler provide powerful design processing 
that you can customize to achieve the best possible silicon 
implementation of your project. Automatic error location 
and extensive documentation on error and warning messages 
make design modifications as simple as possible. At every 
step in the design process, the Quartus II software makes it 
easy for you to focus on your design—not on how to use the 
software. All blocks in the plan are described by VHDL 
which is very strong language in FPGA design. The circuit 
is compiled and after synthesis, it implemented in a FPGA 
chip which is named EP2C5T144C8 of Cyclone II series 
from Altera Corporation. This chip is proper for this design 
and it provides requirements in speed and area features. 
Beside logic elements, it also has additional features such as 
memory bits and PLLs that are very practical for 
implementing the design. The results of compiled plan are 
shown in table 1. 
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TABLE I 
FLOW SUMMARY OF COMPILING RESULTS 

Item Result 
Quartus II Version 9.0 Build SJ Web Edition 

Top-level Entity Name OSC 
Family Cyclone II 
Device EP2C5T144C8 

Timing Models Final 
Met timing requirements No 

Total logic elements 
Total combinational functions 

Dedicated logic registers 

4017/4608 (87%) 
3018/4608 (65%) 
2655/4608 (58%) 

Total pins 67/89 (75%) 
Total virtual pins 0 

Total memory bits 58560/119808 (49%) 
Embedded multiplier 9-bit elements 0/26 (0%) 

Total PLLs 1/2 (50%) 
 
As it can be seen, the design has compiled in Quartus II 

version 9.0 and it uses 4017 logic elements (87%), 65% of 
total combinational function and 58% dedicated logic 
registers. It also consumes 67 pins (75%), 58560 memory 
bits (49%) and 1 PLL (50%). Since the circuit is used beside 
other DWDM circuits, the remained resources in the FPGA 
can be used for other circuits. The results are reasonable for 
the plan. Therefore we can use this controller with other 
circuits in one chip easily.  

VII. CONCLUSION 
This paper introduced OSC for DWDM system based on 

Manchester code and described some of the advanced 
features they incorporate. The system can accommodate a 
wide range of bit-rates, capacities, span lengths, span 
numbers, and as well as deploy Ethernet packet over TDM 
base OSC. The design is done by VHDL and according to 
the results show that the tasks of the design are satisfied and 
plane is optimized in using of area of FPGA chips. 
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