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ABSTRACT 

Autonomous modulation and detection technique in modern communication systems is done using proper 

signal detection schemes and prominent receiver structure. The modulation schemes used in this paper are 

ASK, FSK, BPSK and QAM. Modulation techniques are created in Simulink which is converted into 

Xilinx core and this further undergoes changes using system generator module. This results in the 

generation of Verilog files and is deployed in FPGA.  Using a microcontroller the FPGA was programmed 

with respective bit files and the modulation that had the best channel support is selected.  The methodology 

used to identify the best modulation for a particular link in reconfiguration is called adaptive modulation 

process.  The interface is done between the reconfiguring controller (STM32) and the reconfigured FPGA 

(XCS250-pq144) using JTAG port. The programmed files were created (XSVF format) and placed in SD-

card of microcontroller.  The condition for changing from one modulation to another is based on the link 

support and signal position.  The HyperTerminal displays the output corresponding to different modulation 

selections autonomously. Signal to Noise Ratio (SNR), Available Bandwidth and Bit Error Rate (BER) are 

the factors responsible for the selection of modulation scheme. Hence, better quality of service, system 

complexity, power efficiency, bandwidth efficiency and cost effectiveness are the advantages of Adaptive 

Modulation technique. 
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1. INTRODUCTION 

 

In order to transmit communication 

signals, some modification has to be done and this 

conversion process is called modulation.  During 

modulation the base band signal is used to modify 

some parameter of a high frequency carrier signal. 

This is achieved by varying any one of the 

parameters, such as amplitude, frequency or phase 

of the carrier which is a sinusoid of high frequency, 

in proportion to the base band signal. Dependent on 

the constraint being various we have amplitude 

modulation, and frequency modulation or phase 

modulation. [1] 

Digital modulation for analog carrier 

signal is modulated by a numeral bit stream of 

either equivalent length signals or variable size 

signals. This can be labeled as a form of analog to 

digital variation. The variations in the carrier signal 

are selected from a predetermined number of other 

symbols. These are the most important digital 

modulation techniques [2] [5]. The most important 

digital modulation procedures namely PSK, FSK, 

and ASK uses finite number of phases, frequencies, 

amplitudes respectively. Another basic digital 

modulation technique called QAM uses a finite 

number of at the least 2 phases and 2 amplitudes. 

Fixed number of amplitudes receiving QAM can be 

seen as a two channel structure. The resultant is a 

mixture of PSK and ASK, which uses a limited 

number of at the least two phases and a limited 

number of at the least two amplitudes. Every 

phases, frequency or amplitude is allocated to a 

distinctive pattern of binary bits. Generally, each of 

these phases, frequencies or amplitudes codes a 

same number of bits. This same number of bits 

contains the symbol which is characterized by the 

specific phase. [3]  

 

         
Figure 1: Constellation diagram 

 

The Figure 1 constellation diagram 

represents the modulation techniques PSK, ASK, 
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and QAM appropriately as modulation alphabets, 

where the x-axis represents the amplitudes of  I 

signal and y-axis represents the amplitude of the Q 

signal for every symbol. Mostly PSK and ASK, and 

rarely FSK can be produced and detected with the 

help of principle of QAM. I and Q signal joins 

together to form a very complex valued signal 

termed as equivalent low pass. This illustrates the 

clear picture of valued modulated physical signal, 

sometimes also named as pass band signal or RF 

signal. [5] 

2. NEED FOR ADAPTIVE MODULATION: 

 

Adaptive modulation systems invariably 

require some channel state information at the 

transceiver. This could be developed in Time 

division duplex systems by assuming that the 

transmission of the channel between the transmitter 

and the receiver is nearly equal to the channel 

between the transmitter and the receiver. On the 

other hand, the channel data can also be directly 

measured at the headphones, and fed back to the 

source. Adaptive modulation systems increase rate 

of transmission, and improve the bit error rates by 

exploiting the channel state data that is present at 

the transmitter. Adaptive modulation a system 

shows excellent performance enhancements when 

compared to the systems which do not uses channel 

information at the transmitter. [5][8] 

Adaptive modulation technique is done especially 

by changing the modulation scheme usage to its 

existing channel state to increase the achieved data 

rate. Since Adaptive modulation techniques’ 

excellences in mobile scenarios are very high, the 

studies of the technique have been widely taking 

place in mobile scenarios. Also, the excellence of 

the technique in mobile radio communication 

happens in connection with the conventional 

modulation strategies.  Due to that statistic, 

adaptive modulation techniques execution is best 

suited for cognitive radios and SDRs. 

Subsequently, the essential core of those radios 

works based on software, thus associate adaptive 

modulation techniques will have changing pattern. 

Also, the existing capacity of adaptive modulation 

techniques uses wireless communication links to 

bring in a notable impact to the transmission 

security. [9] 

Adaptive modulation varies modulation 

parameters that are related to channel fading and 

improves the performance, varying modulation and 

coding that are related to fading. Adaptive 

modulation Parameters are Constellation size, 

Transmit power, Instantaneous BER, Symbol time 

and coding rate/scheme. The Optimization 

criterions for adaptive modulation are Maximize 

throughput, Minimize average power and Minimize 

average BER. [10] 

3. ADAPTIVE MODULATION IN 

RECONFIGURABLE HARDWARE 

 

           Adaptive modulation reconfigurable process 

block diagram is shown in Figure 2. Transmitter 

sections have adaptive modulation coding and 

power control. Receiver sections have Adaptive 

demodulation coding and channel estimation. Delay 

section gives the channel feedback to the 

transmitter. [9] 

          Using a microcontroller the FPGA was 

programmed with respective bit files (configuration 

bits) and the modulation that had the best channel 

support is selected. The methodology is used to 

identify the best modulation for a particular link. 

The reconfiguration process is illustrated in the 

flow chart as in Figure 3. [13].  

Reconfiguration process steps are: 

Step 1:  ISE files are created by Xilinx core for 

each modulation schemes.  

Step 2: The first created modulation scheme is 

represented as i=1. 

Step 3:  Modulation selection creates the .mdl file 

for i
th

 modulation.  

Step 4: Using system generation, generated bit file 

and .ise file for i
th

 modulation are made target for 

the FPGA hardware.  

Step 5: In the next step, the value of “i” is 

incremented by 1. 

Step 6:  This is followed by a condition i<=N, and 

if the i value passes the condition it goes back to 

Step 2 and I value is taken as i = 2.  

The above process continues till the input is 

stopped.  

          Adaptive modulation process is shown in 

figure 4. The Adaptive modulation process helps to 

select and load the required modulation programs 

into the FPGA hardware.  

The steps involved in Adaptive modulation process 

are: 

Step 1: Lists the available modulation schemes. All 

of these modulation files are represented as j
th
 

modulation bit file. 
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Step 2: Identifies the best modulation for the 

chosen link. The identified modulation is 

represented as j (i.e. j to the power of 1)  

Step 3: Selects the j
th 

modulation bit file as an input. 

Step 4: Loads the j
th

 bit file using Microcontroller 

into the FPGA hardware 

 

 

 

 

 

 

 

 

 

 
                                                 

 

 

 
 

 

                                                  Figure 2:  Block diagram 
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                  Figure 4: Adaptive modulation process 
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4. HARDWARE IMPLEMENTATION 

 

          Individual modulation schemes were built as 

.mdl files in Simulink with Xilinx core and using 

system generator module, the Verilog files were 

generated and deployed in FPGA. Figure 5 to 

Figure 10 shows the Xilinx blocks generated for 

types of modulation schemes namely ASK, FSK, 

BPSK. Similar Xilinx cores for other modulation 

schemes were also built, generated and deployed in 

FPGA [18] [19]. 

4.1 Case (i) ASK 

 

Figure 5: ASK Module built in xilinx-sysgen core 

 

 

Figure 6: ASK output Simulated for Random Data 

4.2 Case (ii) FSK 

 

Figure 7: FSK Module built in Xilinx- sysgen core 

 

Figure 8: FSK output Simulated for Random Data 

4.3 Case (iii) BPSK 

 

Figure 9: BPSK Module built in Xilinx - sysgen core 

 

Figure 10: BPSK output Simulated for Random Data 

QAM representation of system generator module is 

shown in Figure 11. Figure 12 displays a Simulink 

model with the QAM system design, together with 

the channel typical, transmitter, and the receiver. 

The Forward Error Correction, QAM Receiver 
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subsystems and QAM Symbol Mapping have been 

modeled using receiver sections and transmitter. 

This kind of approach provides a logical group of 

functionality, clean top-level representation, and a 

framework for execution and verification of the 

design sections. Figure 11 displays the contents of 

the transmitter subsystem that develops a stream of 

8-bit symbols produced by a sinusoidal test basis in 

the superior model. [15] 

 

Figure 11: Qam Transmitter 

In channel modeling the data that is modulated is 

delivered through a channel model. This model 

simulates the effects of inter symbol interference, 

additive white Gaussian noise, and Doppler shifting 

using the Simulink blocks. The model uses a bar 

that can slide over to change the Doppler shift 

while the simulation works to check the receiver’s 

robustness. [15][18] 

 

Figure 12: Qam Receiver 

Figure 12 shows the QAM Receiver subsystem. As 

our design is intended for an FPGA, it includes 

blocks from the System Generator Block set. The 

QAM Demodulator subsystem accomplishes QAM 

demodulation (carrier recovery, adaptive 

equalization, and slicing), and the rest of the 

receiver accomplishes frame alignment and RS and 

Viterbi decoding. This also contains a switch to 

decide QAM phase ambiguity. [19] 

 

5. IMPLEMENTATION AND RESULTS: 

 

           The hardware consisting of microcontroller 

(for reconfiguring the FPGA), FPGA board and the 

DAC for interface to the audio port is .shown in 

Figure 13. The microcontroller autonomously 

programs the modulation selection block in Xilinx 

core placed in FPGA. The criteria for changing 

from an existing modulation to a newer one are 

based on the link support and signal condition.[18] 

 

Figure13: Hardware Units With FPGA, Microcontroller 

And DAC 

The HyperTerminal display output 

corresponding to three different modulation 

selections is shown in Figure 14 to Figure 16 

 

Figure 14: Hyperterminal ASK Display Output 
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Figure 15: Hyperterminal BPSK Display Output 

 

Figure 16: Hyperterminal FSK Display Output 

 

 

4. CONCLUSION 

 

Xilinx code together with System 

generator produces a code in which synthesis 

becomes very easy. Thereby, the test vectors and 

test bench generates in an excellent way for 

verification. The existing system does not have 

reusability properties. Adaptive Modulation in 

Reconfigurable Platform is designed and 

implemented in hardware to overcome this 

limitation. Using a microcontroller the FPGA was 

programmed with particular bit files and the 

modulation that had the best channel provision is 

selected. The condition for changing from one 

modulation to another is based on the link support 

and signal position. The HyperTerminal displays 

the output corresponding to different modulation 

select independently. This further allows the 

assembly of high efficient designs of FPGA.  

Xilinx system generator tool cannot take 

data which is multi-dimensional; this is one of its 

limitations. Therefore, the standard condition has to 

be restricted. This incapability leads to an extra step 

wherein the designer should feed data as one-

dimension data. Also, functions that works using 

multi-dimension feeds has to be changed. Although 

Xilinx system generators is considered to be a real 

advanced design tool since it has created an 

impression that Xilinx system generators manages 

even small details by itself, it is not completely 

justified when the operator connects it with higher 

level blocks[15]. The tool needs manual effort of 

the designer in all the aspects like timing, controls 

and delays other than the usual execution processes 

of the design flow. In Future, the work will be 

focused on overcoming the limitations and 

further direction of study shall be focused on 

optimizing network layer routing [16] [17]. 
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