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ABSTRACT: Hierarchical quadrature amplitude modulation (HQAM) enables unequal priority transmission through 

the use of non-uniformly spaced constellations. We propose an adaptive HQAM (A-HQAM) scheme where the ratios 

between the constellation distances are regularly adjusted based on the channel condition with the objective of 

maximizing the transmission efficiency. For very-low-cost mobile terminals, it is desirable to have grossly nonlinear 

power amplifiers, which are simpler to implement and have higher amplification efficiency and output power. In this 

case, QAM modulations are strongly recommendable since the transmitted signals can have very low fluctuations. It 

should be pointed out that for QAM constellations the main degradation due to a short distance constellation mapping 

that leads to interference in In-phase and quadrature  phase signals. For noninterference signals we  uses golay 

sequence that provide make constellation sequence adapt to channel conditions. The proposed scheme offers reduced 

complexity by using one constellation size, unlike conventional adaptive schemes which require the use of several 

constellation sizes. 
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I. INTRODUCTION 

 

Hierarchical modulation is an interesting variation of conventional modulation. Using hierarchical modulation, a bit 

stream can be separated into several multiplexed sub-streams with different levels of priority, a high priority (HP) sub-

stream and lower priority (LP) sub-streams. It supports unequal priority control without an increase in bandwidth 

requirement unlike channel coding techniques which add redundancy to the transmitted data. Moreover, hierarchical 

modulation is a promising technique to provide differentiated quality of service (QoS). For example, in multimedia 

transmission, a base layer and enhancement layer bit streams can be multiplexed and transmitted using hierarchical 

modulation. The base layer corresponds to the HP data while the enhancement layer corresponds to the LP data. Users 

with good reception conditions or advanced receiver capabilities can receive both layers and enjoy high QoS. On the 

other hand, users with poor reception conditions or less sophisticated receivers can still receive basic QoS (i.e. the base 

layer only). Therefore, hierarchical modulation could be a promising solution for upgrading existing digital broadcast 

systems and 3
rd

 generation or beyond radio access networks while maintaining forward compatibility for existing user 

terminals. In addition, hierarchical modulation when combined with scalable source coding provides a graceful 

degradation in the quality of the received information when the channel condition deteriorates without requiring 

feedback from the receiver. It has already been incorporated in some digital video transmission standards such as 

[DVB-T]. In HQAM was proposed as an unequal error protection scheme for transmitting scalable and data-partitioned 

H.264 video. Hierarchical modulation can also be applied to other modulation schemes such as differential phase shift 

keying (DPSK).  

 

A.Related work 

Many adaptive hierarchical modulation schemes have been proposed in the literature. These schemes utilize adaptive 

hierarchical modulation to support simultaneous transmission of different classes of traffic or to maintain a desired 

quality of service such as a specified target error probability. An adaptive hierarchical PSK was proposed in  to support 

simultaneous transmission of different types of traffic which have different QoS requirements. Their proposed 

algorithm maximized the throughput for the additional message but not for all messages. An adaptive HQAM 

transmission system was proposed in which the HP capacity could be adjusted while maintaining the HP protection 

level by adapting the constellation distances. The constellation size, the priority parameters of the hierarchical 
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constellation, and the assigned bit positions were changed based on the channel condition to maintain a target bit error 

rate (BER) for each class of service regardless of the achieved spectral efficiency.  

 

II. QUADRATURE AMPLITUDE MODULATION 

 

A.Overview 

As mentioned QAM systems are widely used in modern communication systems where maximum throughput is 

required under limited bandwidth conditions thus being considered an alternative way of increasing the spectral 

efficiency in optical communication. Furthermore the benefits of M-QAM have been widely accepted for microwave 

digital radio applications and voice band modems, including Digital Video Broadcasting cable (DVB-C) in addition to 

wireless 802.11 protocols or personal communications for the military. In general terms QAM can be defined as the 

digital modulation format where information is conveyed in the amplitude and phase of a carrier signal. This scheme 

combines two carriers whose amplitudes are modulated independently with the same optical frequency and whose 

phases are shifted by 90 degrees with respect to each other. These carriers are called in in-phase carriers (I) and 

quadrature-phase carriers (Q). Quadrature amplitude modulation (QAM) is both an analog and a digital modulation 

scheme. It conveys two analog message signals, or two digital bit streams, by changing (modulating) the amplitudes of 

two carrier waves, using the amplitude-shift keying (ASK) digital modulation scheme or amplitude modulation (AM) 

analog modulation scheme. The two carrier waves, usually sinusoids, are out of phase with each other by 90° and are 

thus called quadrature carriers or quadrature components —hence the name of the scheme. The modulated waves are 

summed, and the resulting waveform is a combination of both phase-shift keying (PSK) and amplitude-shift  

 

 

Fig 1: Adaptive H-QAM system 

 

keying (ASK), or (in the analog case) of phase modulation (PM) and amplitude modulation. QAM is used extensively 

as a modulation scheme for digital telecommunication systems. 

 

III. EXISTING ADAPTIVE H-QAM 

 

Above figure 1 describes the proposed A-HQAM scheme. At the transmitter, the message (packet) to be transmitted is 

first divided into N sub-packets. Each sub-packet undergoes a cyclic redundancy check (CRC). HQAM is then 

employed to transmit each sub-packet using a pair of contiguous bits in the modulation symbol. The two MSBs 

correspond to priority 1 sub-stream while the subsequent pairs represent the lower priority sub-streams. Therefore, N 

virtual parallel sub channels with different BER performances are created. At the receiver, the received signal is 

demodulated and the integrity of each sub-packet is checked. When errors are detected in a sub-packet retransmission 

requests for that sub-packet are triggered. Moreover, the transmission channel condition is monitored at the receiver 

and fed back through a reliable feedback channel with neglected delay. When the transmission channel is in a bad state, 
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the proposed algorithm selects constellation spacing parameters which result in an acceptable BER for the high priority 

sub packet at the expense of the BER  

 

performance of the lower priority sub-packets. As the channel condition improves, the required protection for the high 

priority sub-packet is reduced. Hence, the constellation spacing is adjusted to increase the protection level of lower 

priority sub-packets. This way some bits (i.e. sub-packets) of the original packet can be rescued under channel 

conditions in which the whole packet would normally be lost. Hence, the A-HQAM provides a cumulative transmission 

efficiency which exceeds the transmission efficiency of both non-adaptive HQAM and conventional adaptive QAM. 

For a given packet size, an exhaustive search is initially done offline to define SNR switching points at which the 

constellation distance ratios are changed to maximize the transmission efficiency. The exhaustive search also finds the 

constellation distance ratios that reduce the PAPR at good channel conditions. Our A-HQAM scheme provides reduced 

complexity when compared to conventional adaptive QAM schemes which use several constellation sizes. It utilizes a 

fixed constellation size and hence eliminates the need for synchronization mechanisms which are needed in 

conventional adaptive QAM receivers to know the used constellation size whenever the transmitter changes the 

modulation level. Moreover, in our proposed adaptive scheme, we employ a practical implementation of HQAM which 

enables the receiver to demodulate the received signal successfully without being informed of the used constellation 

distance ratios at the transmitter as needed by a conventional HQAM receiver. HQAM implementation which allows 

the receiver to successfully demodulate the received signal without the need for knowing the employed constellation 

distance ratios at the transmitter. 

 

IV. PROPOSED ADAPTIVE H-QAM 

 

Golay complementary sequences, often referred to as Golay pairs, are characterised by the property that the sum of 

their a periodic autocorrelation functions equals to zero, except for the zero shift. Because of this property, Golay 

complementary sequences can be utilised to construct QAM of the lengths not necessary being a power of 2. In the 

project, we present an evaluation, from the viewpoint of Adaptive QAM modulation  of some sets of spreading 

sequences derived from Golay complementary sequences. We then modify those sets of sequences to enhance their 

correlation properties for asynchronous operation and simulate a AHQAM system utilising the modified sequences. 

 

A.Advantages of proposed system 

 It is modify those sets of sequences to enhance their correlation properties for asynchronous operation and 

simulate a AHQAM system utilizing the modified sequences. 

 Because of small constellation size, the errors in in-phase and quadrature-phase signals can be avoided.   

 

B.Block diagram of transmitter section 

 

 
Fig 2: QAM transmitter section 

 

Contents  

• Source signal generator 

• Priority encoder 
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• 4-QAM modulator 

• Compute decision boundary distance 

• Golay sequence 

• Constellation memory 

 

C.Block diagram of receiver section 

 

 
 

Fig 3: QAM receiver section 

 

Contents 

• QAM demodulator 

• Golay sequence 

• Output signal 

 

D.Golay sequence 

A  pair  of  Golay  complementary  sequences  is  a  pair  of  sequences  A  and  B, each  of  the  same  length  n,  such  

that  all  sequences  elements  are  +i  or -i  and the k-autocorrelation  of  A  together with  the k-autocorrelation  of  B  

sums  to  zero  for  all  k. To avoid interference between signals in Rayleigh channels, we need to add integrity between 

transmitted signals.  For this purpose we add golay complementary sequence to  signals where its sum of dot product is 

zero. Difference between in phase and quadrature phase component is calculated, if the sum of dot product of 

difference is zero, there is no need to add golay sequence and if there is non-zero element exists we need to add golay 

sequence. This enhance correlation property between in phase and quadrature phase component and avoids 

interference. 

 

Eg:- 

1   0   1   1  1  1  0  1  0 

1   1   1   0  1  0  1  1  0 

1   0   1   0  1  0  0  1  0 

 

In above example two sequences, dot product is taken and resulting sum is zero. Here we don’t need to add any 

complementary golay sequence to signal. 

 

1   0   1   1  1  1  0  1  0 

1   1   1   0  1  0  1  0  0 

1   0   1   0  1  0  0  0  0 

 

The SOP for above sequence is not equals to zero so that it does not exhibit correlation property. For this we need to 

add  the pattern 000000010 which makes the sequence to get sum of product as zero. 

 

V. CONCLUSION 

 

The continuing evolution of communication standards and competitive pressure in the market-place dictate that 

communication system architects must start the engineering design and development cycle while standards are still in a 

fluid state. Third and future generation communication infrastructure must support multiple modulation formats and air 

interface standards. FPGAs provide the flexibility to achieve this goal, while simultaneously providing high levels of 
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performance. Our QAM design shows better stability over noise channel that can be easily estimated at receiver end. 

We have reviewed several aspects of carrier recovery for communication systems using QAM modulation. In the 

existing system constellation size is more and there are many sub streams through which signals simultaneously 

transmitted with different priority causing error. In the proposed system constellation size is small and also it avoids 

inter symbol interference in in-phase and quadrature-phase signals using golay sequence.                                                                                                                             

.  
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