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Abstract: The demand for wireless communication is more prevalent with its increasing sophistication. The design of 

QPSK digital modulation scheme emphasizes on turbo encoder, data scrambler, interleaver and modulator which is 

used to deploy airborne communication between aircraft and ground station as per Consultative Committee for Space 

Data Systems (CCSDS) standard. The system consists of a digital QPSK modulator circuit. Turbo coder as a powerful 

coding scheme is used in wireless communication system for encoding the data at the transmission end between the 

physical layer and data link layer. Turbo decoder is used to decode the data frames at the receiving end. This project 

has turbo encoding with the bit rate of 1/2 and information block length is 1784 bits, designed using VHDL, simulated 

using Xilinx ISE simulator and implemented on Xilinx Spartan family FPGA. 
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I. INTRODUCTION 

 

Wireless communication is prevalent everywhere in our 

day to day life like satellite television, global positioning 

system (GPS), navigation system, cellular telephones and 

so many other applications. The digital form of wireless 

communication is preferred over analog form because of 

the advantages of digital methods over analog methods. 

The digital methods are robust, secured, multiplex 

different forms of data, support error detection and error 

correction and provide improved performance in the 

communication system. 

The information or signal carrying the data in digital 

communication is discrete in amplitude and time. At the 

transmission end, the signals carrying digital data are first 

converted into analog form before transmitting. This 

process in known as Modulation. In other words, 

modulation is defined as the processes of sending a 

message signal using a high frequency carrier signal for 

long distance communication. Similarly, the analog 

signals are converted into digital form at the receiving end 

which is known as demodulation process. 

 

A.MODULATION TECHNIQUES 
 

The classification of modulation techniques when the 

message signals are analog and digital are shown in the 

Fig.1 and Fig.2. The analog signals are modulated using 

the techniques like amplitude modulation, angle 

modulation, phase modulation, pulse position modulation, 

pulse width modulation, pulse amplitude modulation, and 

pulse code modulation. The digital data are modulated 

using techniques like amplitude shift keying (ASK), 

frequency shift keying (FSK), phase shift keying (PSK) 

where the message signal modulated with respect to 

amplitude, frequency and phase of carrier signal 

respectively. The modulation techniques for multi-level 

discrete data are shown in   Fig.3 

 

 

Figure 1: Analog Modulation Techniques 

 

 
Figure 2: Digital Modulation Techniques 

 

 
Figure 3: Multi Level Digital Modulation Techniques 
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B. ENCODING TECHNIQUES  

The internal organization of different operations 

performed between the sending end i.e data link layer and 

physical layer are as shown in Fig.4.  Depending upon the 

requirement of operation the information in the form of 

frames of fixed block length is sent from data link layer. 

These frames are encoded using required encoding 

technique and the encoded bits are scrambled and sent as a 

continuous stream of data to the physical layer. Attached 

sync marker is used to detect the start or end of each data 

frame. 

 

 
Figure 4: Sub layer organization at Transmitter end 

 

The different types of error controlling coding techniques 

are 

 • Convolutional coding 

 • Turbo coding 

     • Reed-Solomon coding 

     • Low density parity check coding 

 

II.QPSK MODULATION SCHEME 

 

The Block Diagram of the QPSK Digital Modulation 

Scheme is as shown below. 

 

 
Figure 5: Block Diagram of the QPSK Digital Modulation 

scheme 

 

At the transmission end, the input data is transmitted in the 

form of frames each of length 1784 bits. Each bit of the 

frame is sent serially to the turbo encoder. The turbo 

encoder encodes each input bit into two bits.  

The encoded bits are randomized using a scrambler. The 

controller block controls the working of internal modules. 

The Attached sync marker of length 64 bits is attached  at 

the starting of each frame to detect the start of each frame 

of data. The randomized  encoded bits are modulated 

using a Binary Phase Shift Keying modulator. 

 

A.TURBOENCODER 

The turbo encoder is the combination of convolution 

encoders which are connected in parallel. Each encoder 

consists of four shift registers and gives three outputs 

based on the generator polynomial connectivity of Ex-or 

gates. 

 

 
Figure6: Turbo Encoder Block Diagram 

 

Puncturing is done on the encoder outputs in order to 

obtain required bit rate of 1/2. The punctured code words 

are arranged in a sequence as shown in Fig.6. The output 

sequence of the turbo encoder after puncturing  is  0a, 1a, 

0a, 1b which is represented in the Fig.7. 

 

 
Figure 7: Punctured Code Word for ½ Code Rate 

 

B.INFORMATION BLOCK 

Information block represents the data frame of 1784 bits. 

The signal is used to indicate the end of 1784 bits . The 

code rates for different information block lengths are listed 

in the Table.1. 

 

TABLE I. CODE RATES FOR DIFFERENT 

INFORMATION BLOCK LENGTHS 
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C. INTERLEAVER 

The turbo interleaver modifies the position of each bit of 

the data frame into another location as shown in Fig.8. In 

other words, the bit positions are shifted from one location 

to another location systematically using the below 

mentioned procedure. It is diagrammatically shown in the 

Fig.9 

 

.   

Figure 8: Interleaver Block 

 

D.SCRAMBLER 

The polynomial mentioned below is used to generate the 

pseudo random bits.  

 

h(x)=x
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7
+x

5
+x

3
+1 

 

 
Figure 9: Logic diagram of scrambler 

 

The Fig.9 represents the logic of pseudo randomizer. The 

scrambler performs the exclusive or operation between nth 

bit of the encoder output and nth bit of scrambler output  

to randomize the encoded data. 

 

E.ATTACHED SYNC MARKER(ASM) 

Attached Sync Marker(ASM) is attached at the starting of 

each information block in order to detect the starting 

position of data frame.  Turbo Encoder uses a 64-bit value 

represented in hex as 

 

                           034776C7272895B0. 

 

The ASM bits are attached to the scrambled output before 

modulation process. 

 

F.QPSK MODULATOR 

The binary data '00' represents sine wave of phase 225 

degrees and the binary data „01' represents sine wave of 

phase 135 degrees and similarly binary data „10‟ 

represents sine wave of 315 degrees and binary data 

„11‟represents sine wave of 45 degrees.  

 

The block diagram of QPSK modulator is shown in the 

Fig.10. Based on the input bit, the multiplexer modulates 

the signal as sine 45 or sine 135 or sine 225 or sine 315. 

 

 
Figure 10: QPSK Modulator 

 

III. SOFTWARE IMPEMENTATION TEST 

RESULTS 

 

The new simple VHDL Quadrature Phase shift Keying 

(QPSK) modulator Using Turbo Codes has been 

synthesized for many Air Borne System Applications. 

It is programmed with the Hardware Description 

Language (VHDL) code to generate the behavioural 

QPSK digital signal. 

The behavioural simulation (RTL view) for QPSK 

modulator and the Turbo Encoder is shown in the 

following Figure‟s. 

 

Figure 

11: RTL Schematic of QPSK Modulation scheme Top 

Module 

 

 
Figure 12: RTL Schematic of Turbo Encoder Block Top 

Module 
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Figure 13 : RTL Schematic of Modulation Block 

 

 
Figure 14: Simulation Result of Turbo Encoder and 

Scrambler Block 

 

Figure 15: Simulation Result of Modulation Block 

 

IV.HARDWARE IMPLEMENTATION RESULTS 

 

When implemented on the FPGA QPSK  modulator circuit 

whose one output end is given to the Oscilloscope ,we can 

observe the hardware implementation result as follows 

 

 

 
Figure 16: QPSK modulator circuit output in Oscilloscope 

V. CONCLUSION 
 

Different techniques are followed by different applications 

for transmission and reception of data between the 

physical layer and data link layer. In this study, as per the 

specifications, for wireless communication with bit rate of 

1/2 and frame length of 1784 bits Turbo encoder and 

QPSK modulator are designed at the transmitting end. 

These Turbo Encoding and QPSK Modulation techniques  

are developed as per CCSDS standards and can be applied 

to long distance communication like space to space or 

ground to space applications. 
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