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Abstract- This paper focuses on study of TDMA Start-Up and Restart Synchronization Approaches for Embedded System. 
TDMA (Time Division Multiple Access) is a technology for delivering digital wireless service using time division 
multiplexing.  TDMA uses principle of dividing a radio frequency into time slots and then allocating slots to multiple users. 
The system is designed to receive, treat and process a signal within a certain time limit. PIC Micro-controller can be used to 
achieve synchronization. This avoids message delay and communication overheads which is required for proper channel 
selection. 
 
Keywords- TDMA, PIC micro-controller, Synchronization, Embedded system 
 
 
I. INTRODUCTION 
 
System and clock initialization is a necessary 
component in safety critical applications for nodes to 
get their clocks synchronized, both at start-up and 
after error recovery. However, at start-up there is a 
possibility that nodes that send their initial time 
message will collide, consequently withdrawing and 
attempting a later retry. If, at their next try, they 
collide again, the system can potentially end up in a 
state with an infinite series of collisions. Thus, the 
initialization process must prevent such sequences of 
collisions. In synchronization approach, this can be 
prevented by providing each node with a unique 
adjustment time. This time is used to adjust the local 
clock of a node in case of collision. 
 
Multiple Access schemes allow many mobile users to 
simultaneously share a finite amount of radio 
spectrum. The sharing of spectrum is required to 
achieve high capacity by simultaneously allocating 
the available bandwidth (or the available amount of 
channels) to multiple users. For high quality 
communications, this must be done without severe 
degradation in the performance of the system. Access 
methods are multiplexing techniques that provide 
communications services to multiple users in a 
single-bandwidth wired or wireless medium. Time 
Division Multiple Access (TDMA) is a type of 
multiplexing where two or more channels of 
information are transmitted over the same link by 
allocating a different time interval ("slot" or "slice") 
for the transmission of each channel; that is, the 
channels take turns to use the link.  
 
Some kind of periodic synchronizing signal or 
distinguishing identifier usually is required so that the 
Time Division means that the frequency is divided up 
into blocks of time and only certain logical channels 
are transmitted at certain times. Time divisions in 
TDMA are known as Time Slots. 
 

Communications services providers must engage 
multiple paid users over limited resources to make a 
profit. Access methods allow many users to share 
these limited channels to provide the economy of 
scale necessary for a successful communications 
business.  
 
There are five basic access or multiplexing methods: 
frequency division multiple access (FDMA), time 
division multiple access (TDMA), code division 
multiple access (CDMA), orthogonal frequency 
division multiple access (OFDMA), and spatial 
division multiple access (SDMA).TDMA is a digital 
technique that divides a single channel or band into 
time slots. Each time slot is used to transmit one byte 
or another digital segment of each signal in sequential 
serial data format. This technique works well with 
slow voice data signals, but it’s also useful for 
compressed video and other high-speed data. 
 
This paper is organized as follows. Section II 
explains TDMA frame of GSM. Block diagram is 
described in section III. Section IV deals with 
applications of TDMA. Section V concludes the 
paper. 
 
II. TDMA FRAME 
 
The digitized voice appears as individual serial bytes 
that occur at a 64-kHz rate, and 24 of these bytes are 
interleaved, producing one T1 frame of data. The 
frame occurs at a 1.536-MHz rate (24 by 64 kHz) for 
a total of 192 bits.  
 

A single synchronizing bit is added for timing 
purposes for an overall data rate of 1.544 Mbits/s. At 
the receiving end, the individual voice bytes are 
recovered at the 64-kHz rate and passed through a 
digital-to-analog converter (DAC) that reproduces the 
analog voice. 
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Figure 1 TDMA Frame for GSM System 

 
The basic GSM (Global System of Mobile 
Communications) cellular phone system is TDMA-
based. It divides up the radio spectrum into 200-kHz 
bands and then uses time division techniques to put 
eight voice calls into one channel. Figure shows one 
frame of a GSM TDMA signal. The eight time slots 
can be voice signals or data such as texts or e-mails. 
The frame is transmitted at a 270-kbit/s rate using 
Gaussian minimum shift keying (GMSK), which is a 
form of frequency shift keying (FSK) modulation. 
Time division multiple access or TDMA is a form of 
technology that is utilized with cell phone function. 
Essentially, TDMA allows for the division of each 
channel within the configuration of the cell network 
into three different units known as timeslots.  
 
This process of dividing the channels into three 
different slots makes it possible to increase the 
amount of data that can be transferred at the same 
time using the same amount of resources. For both 
multipoint-to-point (multi access) and point-to 
multipoint (broadcast) links, the most important 
practical lesson drawn from multiuser information 
theory is that superposition strategies (e.g., code-
division multiple access (CDMA)), where users 
transmit simultaneously in time and frequency 
causing mutual interference, offer, in general, higher 
capacity than orthogonal strategies (e.g., time-
division multiple access (TDMA) or frequency-
division multiple access (FDMA)) provided that the 
inter-user interference is taken into account at the 
receiver. However, from several standpoints, TDMA 
is an attractive channel-sharing technology. Foremost 
among the attractive features of TDMA is the 
simplicity of the receiver design. 
 
Making use of TDMA is one way that cellular 
networks are able to handle larger loads of data 
transmission without creating a decrease in the 
overall efficiency of the network. Because this form 
of technology protects and actually enhances the 
process of channel access method, networks avoid the 
incidence of as many bottlenecks that can occur when 
signaling backs up at a given switch point.  
 
The segmentation of the channel is done with such 
precision, sound at both the point of origin and the 
point of termination remain clear. The end result for 
the consumer is a clear signal that is established with 
the same level of speed and clarity as using a landline 
system.  

III. BLOCK DIAGRAM 
 

 
Figure 2 Block Diagram of TDMA system 

 
1.TIME DIVISION MULTIPLEXING 

 

 
Figure 3 Time Division Multiplexing 

 
Time-division multiplexing (TDM) is a method of 
transmitting and receiving independent signals over a 
common signal path by means of synchronized 
switches at each end of the transmission line so that 
each signal appears on the line only a fraction of time 
in an alternating pattern. Time-division multiplexing 
is used primarily for digital signals, but may be 
applied in analog multiplexing in which two or more 
signals or bit streams are transferred appearing 
simultaneously as sub-channels in one 
communication channel, but are physically taking 
turns on the channel. The time domain is divided into 
several recurrent time slots of fixed length, one for 
each sub-channel. Time Division Multiplexing 
(TDM) is a communications process that transmits 
two or more streaming digital signals over a common 
channel. In TDM, incoming signals are divided into 
equal fixed-length time slots. After multiplexing, 
these signals are transmitted over a shared medium 
and reassembled into their original format after de-
multiplexing. Time slot selection is directly 
proportional to overall system efficiency. 
 
TDM is comprised of two major categories: TDM 
and synchronous time division multiplexing (sync 
TDM). TDM is used for long distance 
communication links and bears heavy data traffic 
loads from end users. Sync TDM is used for high 
speed transmission. 
 
During each time slot a TDM frame (or data packet) 
is created as a sample of the signal of a given sub-
channel; the frame also consists of a synchronization 
channel and sometimes an error correction channel. 
After the first sample of the given sub-channel (along 
with its associated and newly created error correction 
and synchronization channels) are taken, the process 
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is repeated for a second sample when a second frame 
is created, then repeated for a third frame, etc; and the 
frames are interleaved one after the other. When the 
time slot has expired, the process is repeated for the 
next sub-channel. The signals are combined at the 
multiplexer output. 
 
2. MODULATION 
 
The modulation scheme is selected from QPSK, 
16QAM and 64QAM according to the received 
power ratio of the desired signal to the co-channel 
interference and the delay spread. QPSK (4-level 
modulation) best for wireless/cellular environments. 
GMSK and DQPSK also used, as is QAM. Coherent 
versus noncoherent modulation depends on time 
variability of the channel. There are two types of 
adaptive modulation, which are defined by how often 
the transmission rate is updated. In slow adaptive 
modulation, transmission parameters are assigned 
when the user connects to the system and remain 
constant throughout the transmission. In fast adaptive 
modulation, the parameters are controlled slot by-slot 
based on instantaneous channel conditions, and the 
transmitter can thus adjust to fading channel 
conditions for each slot. Adaptive modulation 
introduces many more variables which complicate 
performance analysis. These variables include 
channel quality distribution, channel quality 
measurement accuracy, rate assignment algorithm, 
adaptive modulation scheme, user mobility during 
data transmission, and retransmission policy. These 
issues must be properly accounted for in data capacity 
evaluation in order to accurately assess the benefits 
associated with a proposed adaptive modulation 
scheme for wireless TDMA/FDMA systems. 
 
3. DEMODULATION 
 
Information transmitted on the address channels is 
used by receivers to determine both the presence of a 
message and its corresponding data transmission 
channel. Each system receiver scans, and tracks only 
the communication signal address channels until a 
message addressed to that receiver is detected, at 
which time the selected receiver changes channels to 
the designated data channel for reception of the 
message. Thus, demodulation of the entire 
communication signal is not required and processing 
time and power is reduced for the typical waiting 
condition when messages are not being received. 
While a message is being received only a portion of 
the communication signal need to be received, 
demodulated and decoded.  
 

The decoded message is then displayed on a display 
screen or similar device for the recipient. This 
process is used in the receivers to recover the original 
signal coming from the sender end in modulating 
form. We can say that its function is opposite to that 
of modulation process. 

When the signals reach the destination i.e. at the 
receiver end, then the signal strength will be very 
less. This weak signal is amplified with the help of 
other signals. After amplification this signal is filtered 
from the other signals which were used earlier to 
modify it. When the signal becomes ready for 
demodulation process, then the below steps are 
performed for demodulation. These steps are 
basically the functions of the receiver: 
• Demodulating and amplifying the received signal. 
• Filtering of the original received signal from the non 
necessary signals. 
• Proper display of the received signal after the 
completion of demodulation process. 
 
4) Demultiplexer 
 

 
Figure 4 Recovery of TDM signal 

 
Demultiplex (DEMUX) is the reverse of the 
multiplex (MUX) process – combining multiple 
unrelated analog or digital signal streams into one 
signal over a single shared medium, such as a single 
conductor of copper wire or fiber optic cable. Thus, 
demultiplex is reconverting a signal containing 
multiple analog or digital signal streams back into the 
original separate and unrelated signals. Although 
demultiplex is the reverse of the multiplex process, 
because the multiple signals are not related, it is not 
the opposite of multiplexing. [3] 
 
The opposite of multiplexing is inverse multiplexing 
(IMUX), which breaks one data stream into several 
related data streams. Thus, the difference between 
demultiplexing and inverse multiplexing is that the 
output streams of demultiplexing are unrelated; but 
the output streams of inverse multiplexing are related. 
A related term is channel bank, the foundation of all 
digital telecommunication transmissions. It is part of 
a carrier-multiplex terminal serving two functions: 
 

1. Multiplexing a group of (unrelated) channels 
into a higher bit-rate (transmission speed) 
channel 

2. Demultiplexing these (unrelated) aggregates 
back into individual channels 

 
5. PIC Micro- Controller 
Microcontrollers are designed for embedded 
applications, in contrast to the microprocessors used 
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in personal computers or other general purpose 
applications..Microprocessors are used to execute big 
and generic applications, while a microcontroller will 
only be used to execute a single task within one 
application..Microcontroller has an input device in 
order to get the input and an output device (such as 
LED or LCD Display) to exhibit the final process. 
Features of micro-controller 
 
 Power management and low voltage  
 In-built ADC and DAC 
 Pulse width modulator 
 Advanced memory options such as EEPROM, 

FLASH 
 Watch dog timer 
 In Application Programming capability 

  
IV. APPLICATIONS 
 

• Used in the mobile cellular communication 
systems carrying digitized voice. 

• TDMA is used in the digital 2G cellular 
systems such as Global System for Mobile 
Communications  

• Personal Digital Cellular  

•  In the Digital Enhanced Cordless 
Telecommunications (DECT) standard for 
portable phones.  

• It is also used extensively in satellite 
systems, combat-net radio systems, and 
PON networks. 

 
CONCLUSION 
 
In this paper, we studied how synchronization is  
achieved using PIC micro-controller.TDMA allows 
for the division of each channel within the 
configuration of the cell network into three different 
units known as timeslots. This process of dividing the 
channels into three different slots makes it possible to 
increase the amount of data that can be transferred at 
the same time using the same amount of resources. 
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