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1.  Introduction

The objectives of the work include but not limited to 
Multiple modulation and demodulation with switching 
ability at any condition, Choosing a best fit modulation 
based on efficiency and also maintain the BER and SNR 
value, Filtering the channel noise and automatically 
identify the corresponding demodulator at receiver and 
ensuring security good for the system without scalability 
issues. The demonstrated modulation and demodulation 
schemes include1,2:
•	 ASK 
•	 CPFSK
•	 D8PSK 
•	 QAM8
•	 QASK
•	 DQPSK
•	 SUNDE
•	 QAM 16
•	 QAM 64
•	 QAM 256

2.  Communication Model

The communication between transmitter and receiver is 

shown along with the channel in Figure 1. Transmitter 
shows in Figure 2. Modulation / Demodulation blocks are 
shown in Figure 33.

Figure 1.    Communication transmission via channel.

Figure 2.    Selected modulation transmitted using Zigbee 
module.

Figure 3.    Modulate/Demodulate data using GNU blocks.
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3.  Modulation Detection

In this work, Automatic modulation detection extracts 
seven parameters (Features based on amplitude, frequency 
and phase) for identification of different modulation 
techniques namely:  ASK2, ASK4, FSK2, FSK4, PSK2, 
PSK4, QAM16 and QAM64. All the different parameter 
have been calculated in during the real time process, 
based on statistics of the signal condition the parameter 
are selected cautiously. The parameters selected are4,5:

3.1 Absenv

3.2 AbsPhase

3.3 rEnv

3.4 absEnv2

3.5 absFreq

3.6 absFreq2

3.7 absPhase2

The method of classification as mentioned above is based 
on the threshold value and is calculated for various 
modulation techniques. Based on the flow chart shown 
in Figure 4 the type of modulation transmitted to the 
receiver is identified6.

Figure 4.    Modulation identifier Algorithm.

4.  Hardware Implementation

The implementation uses two hardware nodes (ARM 9 
and above based architecture with “GNU Radio” LINUX 
drivers installed)7.
•	 Transmitter board consisting of all the modulation 

blocks
•	 Receiver board consisting of all the demodulation 

blocks

4.1 Transmitter Block 
The transmitter board consists of carrier generator, 
various modulation blocks, modulation selection switch, 
noise generator, DAC converter as shown in Figure 5. The 
User selects one of the modulations using the “modulation 
selection switch”. Based on the selected modulation 
scheme, necessary software blocks are activated like data, 
carrier and noise. Working function for the software 
blocks are data block is used to modulate data, carrier 
block is used to generate carrier and noise block is used 
to generate the noise as well as control the noise. The 
modulated wave is transmitted which is converted to in 
an analog signal using on board DAC and the signal is 
transmitted using antenna8,9.
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Figure 5.    Transmitter board consisting of all the 
modulation blocks.

4.2 Receiver Block 
The receiver board consists of carrier generator, various 
demodulation blocks, noise generator, ADC converter 
as shown in Figure 6. The modulated signal is sampled 
through Analog to Digital convertor at a high sampling 
rate. The digitized signal is then noise filtered by the 
noise filtering software block. The algorithm is applied 
in data sample by the detected modulation scheme, 
applicable software blocks are applied in the data results 
get demodulated data10.

Figure 6.    Receiver board consisting of all the 
demodulation block.

Case (i) 16 QAM Implementation details
16 QAM, commonly used in radio networks and 

microwave digital radios, offers four values for ‘I’ and 
four values for ‘Q’, yielding 16 possible states, as shown in 
Figure 7. 16 QAM sends four bits per symbol. The signal 
can transition from any state to any other state11. 16 QAM 
is more spectrally efficient than BPSK, QPSK, OQPSK, 
and π/4- DQPSK.  The QAM approach transmitter and 
receiver path have the nonlinearity path with noise, 
here one symbol is interpreted with another symbol 
that may cause error12. This approach decrease the inter 
symbol interference problems so its give the better result 
compare with other modulation techniques. The 16 QAM 
implementation, shows a flow chart in which it import the 
GNU radio blocks, select the defaults values (provided by 
GNU blocks) and provide the modulation/demodulation 
for 16 QAM process Figure 813,14.

Figure 7.    16 QAM implementation block.

Figure 8.    Hardware Implementation.

Case (ii) PSK Implementation
The digital modulation technique here phase shift 

keying is by changing the data with carrier reference 
signal. PSK implementation blocks shows Figure 9. PSK 



Vol 9 (35) | September 2016 | www.indjst.org Indian Journal of Science and Technology4

Adaptive Modulation with Customised Core Processor

has unique pattern, respectively unique pattern have 
equal number of bits form the result of encoder. The 
phase is represented by the particular symbol its received 
form the unique pattern. To implementing process of PSK 
is quite good, but in order to improve the process to go 
for DPSK15,16. The process simplified because the omitting 
the one section because it is no need for demodulator, 
reason is reference signal and unique pattern bit symbol 
represent exact phase of the received signal. In Figure 10 
imported GNU blocks generate gray code constellation 
for different M-PSK values, convert the code and receive 
demodulation for PSK17.

Figure 9.    PSK implementation block.

Figure 10.    QAM256 Modulation/demodulation process.

5.  Results and Discussion

In this work, the results have been found out based 
on linux and hardware correlation, where related to 
modulation choices have been provided and chosen the 

QAM256. It shows the constellation with 256 arity and 
the start and end of the modulation status.  It shows the 
status of port number also (Figure 10). The QAM code 
detection output is shown in Figure 11.

Figure 11.    QAM code detection output.

6.  Conclusion

In this work, multiple modulation techniques to 
automatically identify an unknown modulation using 
different set of modulation are used. This technique is 
practically implemented and tested for ten modulation 
types with hardware implementation on FL2440 ARM9 
Embedded core.  The hardware implementation takes 
low power. Additionally, the Modulation Identification 
Technique is implemented with a Scheduler and optimize 
performance based on the priority of a node, availability 
of the modulation and channel. The error detection and 
correction at receiver also implemented using ARM9 
core.

7.  References
1. Brik V, Banerjee S, Gruteser M, Oh S. Wireless device iden-

tification with radiometric signatures. In MobiCom ‘08: 
Proceedings of the 14th ACM International Conference on 
Mobile Computing and Networking. 2008 Sep. p. 116–27.

2. Danev B, Capkun S. Transient-based identification of wire-
less sensor nodes. In Proceedings of the ACM/IEEE Inter-
national Conference on Information Processing in Sensor 
Networks (IPSN). 2009 Apr. p. 5–36.



S. Selvakumar and J. Vaideeswaran

Vol 9 (35) | September 2016 | www.indjst.org Indian Journal of Science and Technology 5

3. Li Z, Xu W, Miller R, Trappe W. Securing wireless systems 
via lower layer enforcements. In WiSe ‘06: Proceedings of 
the 5th ACM Workshop on Wireless Security. 2006 Sep; 
33–42. 

4. Soltan M, Hwang I, Pedram M. Modulation-Aware Ener-
gy Balancing in Hierarchical Wireless Sensor Networks. 
ISWPC 2008. 3rd International Symposium on Wireless 
Pervasive Computing. 2008 May; 355–9.

5. Selvakumar S, Ravi S.  Adaptive Modulation IN Reconfig-
urable Platform. Journal of Theoretical and Applied Infor-
mation Technology. 2014 Oct; 68(1):108–14.

6. Zhang C, Wei C, Jiang H, Wang Z. A Baseband Transceiver 
for Multi-Mode and Multi-Band SoC.  proceedings of 2012 
IEEE 55th International Midwest Symposium on Circuits 
and Systems. 2012 Aug; 770–3.

7. Selvakumar S, Ravi S. DPSK and QAM Modulation De-
tection analyzed with BER Estimation. IEEE International 
Conference on Current Trends in Engineering and Tech-
nology. 2014 Jul. p. 18–25.

8. Raghunathan V, Schurgers C, Park S, Srivastava M. En-
ergy-Aware wireless micro sensor networks.  IEEE Signal 
Processing Magazine. 2002 Mar; 19(2):40–50.

9. Yang Z, Yuan Y, He J, Chen W.  Adaptive modulation scal-
ing scheme for wireless sensor networks. IEICE Transac-
tions on Communications. 2005; 882–9.

10. Schurgers C, Aberthorne O, Srivastava MB. Modulation 
scaling for energy aware communication systems. Proceed-
ing IEEE ISLPED. 2001 Aug; 96–9. 

11. Soltan M, Maleki M, Pedram M. Lifetime-aware hierarchi-
cal wireless sensor network architecture with mobile over-
lays. Proceeding of IEEE Radio and Wireless Symposium. 
2007 Jan; 325–8.

12. Kim D-S, Jang S-J, Hwang T-H. A Fully Integrated Sensor 
SoC with Digital Calibration Hardware and Wireless Trans-
ceiver at 2.4 GHz.  SENSORS. 2013 May; 13(5):6775–92. 

13. Liu CH, Asada HH.  A source coding and modulation 
method for power saving and interference reduction in 
DSCDMA sensor network systems. In Proceeding Amer-
ican Control Conference. 2002 May; 4:3003–8.

14. Laneman JN, Tse DNC, Wornell GW. Cooperative diversi-
ty in wireless networks: efficient protocols and outage be-
havior. IEEE Transaction Information Theory. 2004 Dec; 
50(12):3062–80.

15. Chen D, Nicholas Laneman J.  Modulation and Demod-
ulation for Cooperative Diversity in Wireless Systems. 
IEEE Transactions on Wireless Communications. 2006 Jul; 
5(7):1785–94.

16. Lin L, Shroff NB, Srikant R. Asymptotically Optimal En-
ergy-Aware Routing for Multihop Wireless Networks with 
Renewable Energy Sources.  IEEE Transactions. 2007 Oct; 
15(5):1021–34.

17. Xu W, Yue Y, Zhou T. System Architecture Design of the 
Internet of Things based on ZigBee.  proceedings of IEEE 
International Conference on Cyber Technology in Automa-
tion, Control and Intelligent Systems. 2012 May. p. 826–9.


