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• Nanotechnology enables nano-devices to generate, 
process, and transmit information at atomic scale

• Material: Graphene, a one-atom thick planar sheet 
of bonded carbon atoms in a honeycomb crystal lattice

• Nanosensor components: nano-processors, nano-merories,
nano-sensors, and nano-transcievers

Nanosensor Networks

< 1 nm

Total volume: a few cubic micrometers
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Application:
• Biomedical: Anti-microbiology, drug delivery system
• Secure and Defence: forensic, NBC attack
• Multimedia: 3D holographic video conference

Nanosensor Networks
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Nanosensor Networks

Problems:
• Small dimension -> small capabilities:

Battery capacity, complexity, transmission range

Solutions:
• Nanonetwork: networking of nanosensors. 
• Coding and Modulation:

–  Time Spread – On Off Keying (TS-OOK)
–  Minimum Energy Source coding
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NME Coding

• Reducing the number of bit 1:
– Energy efficiency
– Reduce: molecular absorbtion noise and multi-user interference
– Increase: channel capacity

• NME algorithm:
– Segmentize the binary input sequence into blocks (symbols)
of n bits
– Create a table of used symbols and their frequency
– Create another table by sorting the symbols in decreasing order
of frequency and maps to codeword with fewer bit 1
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Simulation results:
• Validation: real files
• Metrics to evaluate NME:

– Energy Efficiency
– Robustness during transmission

• Codeword Error Rate
• Peak Signal to Noise Ratio (PSNR) in Image transmission

NME Coding
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NME Coding

Energy Efficiency

where:

         : Energy efficiency (%)

EOriginal : Uncode energy

ENME   : NME energy 
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Energy efficiency

NME Coding
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Energy efficiency

NME Coding
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NME Coding
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Robustness during transmission
Channel model: Binary Asymmetric Channel (BAC)

Where:

P(1) : probability of bit 1
P(0) : probability of bit 0
p1      : probability of receive 0 when transmitte 1

p2      : probability of receive 1 when transmitte 0

NME Coding
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Robustness during 
transmission

Codeword Error Rate

Where:

CER: Codeword error rate

P(1) : probability of bit 1

P(0) : probability of bit 0

p1      : probability of bit 1 error

p2      : probability of bit 0 error

n     : NME n bits

NME Coding
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Robustness during transmission
Image transmission: lena256.bmp

Where:

e(x,y) : distortion
Ii(x,y)  : transmitted image

Io(x,y) : received image

Ems     : mean square error

PSNR : Peak signal to noise ratio

NME Coding
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NME Coding

Robustness during transmission
Image transmission: lena256.bmp
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NME Coding



17 / 19

Conclution & Future 
Works
Conclusion
• Nanonetwork has limitation in battery capacity
• NME code is able to reduce the energy consumption 

(number of 1) in transmitted data
• The larger number of n bits in NME code is able

to increase energy efficiency but more vulnerable
to error during transmission
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Future works
• We will compare the code performance with other

source codes for nanonetwork
• We will investigate the code performance in molecular

noise and multi-user interference reduction

Conclution & Future 
Works
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