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Abstract 

 

In an artificial neuron, the operation process of 
2211 xWxW   has emulated the 

action of Dendrite of human neuron. The 
21 , xx  were the inputs and 

21 ,WW were 

the weights. bxWxW  2211  has emulated the Axon Hillock of human 

neuron to obtain the membrane potential. The b was the bias. When 
bxWxW  2211 was equal (or larger than n ) to n and then it emulated Axon 

of human neuron by which an action potential was obtained by converting the 

membrane potential. In order to emulate an inspiring of artificial neuron, 

activation function emulated Synapse of human neuron by which action potential 

was converted to electrical energy and chemical energy and passes it to the next 

artificial neuron as inputs. 
 
Keywords: Human Neuron, Artificial Neural Network (ANN), Dendrite, Weights, 

Axon Hillock, Membrane potential, Bias, Action potential, Axon, Synapse, 

Activation function 
 
1 Introduction of Artificial Neural Network (ANN) 
 

Artificial Neural Network (ANN) is a type of supervised learning approach 

in machine learning with labelled inputs (supervised learning) [20, 21] and is an 

emulation of the biological neural network in the human brain (Fig.1). The human 

brain controls thinking and behaviour. Emulation of the structure of the brain, 

including neurons and neuronal function, helps in gaining in-depth knowledge 

about the composition of biological neuron networks. The human brain has a large 

number of neurons, or nerve cells, and each nerve cell is linked to many other 

nerve cells via synapses, forming very complex neural networks [6, 7].  
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Therefore, synaptic function [17] is very important. A neuron sends 

messages via synapses to another neuron, which establishes a good foundation for 

modern neuroscience. Humans have the ability of self-learning because neural 

networks have a large number of parallel computing and distributed information 

processing. Therefore, scientists hope to apply modern computer-based programs 

to utilize the self-learning ability of humans to emulate the human brain [8, 19, 24]. 

Therefore, the structure of an ANN is defined similar to the parallel computing 

model of the human nervous system. An ANN is a technology that emulated for 

processing information related to the brain and the nervous system, and is 

commonly referred to as parallel distributed processing (PDP) model or 

connectionist model. An ANN is composed of many classes of artificial neurons 

(also known as nodes). Currently, an ANN can already has a large number of for 

parallel computing and distributed information processing by using the fast 

calculation speed of a computer [11]. However, an ANN still cannot emulate the 

function of human brain cells because they are very large in number. All the 

operations of the human brain cells cannot be implemented completely in an ANN. 

The computation time is a big problem, and therefore improvement of ANN 

algorithms is required. According to anatomical information, the human brain has 

a layered structure, which belongs to the six layers of the mature brain cortex. All 

higher-order cognition is carried out in the brain. Performing such a complex 

thinking operation depends on the layered structure and the number of neurons, as 

well as the type of link style. ANN is emulated a biological neuron network 

operation with mathematical function i.e. activation function and parameters i.e. 

weights and bias [8, 18, 24]. 

 

 
 

Fig.1 This figure shows the simple structural map of a biological neuron [13]. 

 

As shown in Figure 1, a biological neuron can be divided into the following 

parts [1, 3, 6, 10, 13, 23, 26, 29]. (1) Dendrite: It receives electrical chemical 

energy from last neurons as inputs of a neuron. (2) Axon Hillock: It is the part 

between the cell body and the Axons. It transfers the electrical chemical energy into 
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membrane potential. (3) Axon: it is a component of a nerve fibre and it transfers 

the membrane potential formed by the Axon Hillock into an action potential. (4) 

Synapse: Its role is to transfer the action potential into electrical and chemical 

energy and conduct them to the next neuron when the action potential is equal to 

(or larger than) a certain threshold. However, a biological neuron is very complex, 

so only four main parts are introduced because an ANN emulates these parts.  

 

2 Algorithm of a Neuron in ANN 
 

A mathematical algorithm procedure of a neuron in ANN is described. Fig. 2 

describes this procedure. 
 

 
Fig. 2 This figure shows the algorithm procedure of an artificial neuron that 

emulates a human neuron. 

 

In Fig 2, the mathematical operation of this neuron for given inputs to form 
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21  [19]                                        (1) 

where 21, xx are the inputs from the last neurons. 1W and 2W are the 

weights. b is the bias of this neuron. n can be called a threshold. 

Therefore bxWxWn  2211                                   (2) 

where is the linear combination function of the neuron operation.  

The function f is an activation function that is nonlinear differentiable function 

[21, 28] and then the parameter 

)(nfy  is output                                             (3). 

The concepts of Formulas (1) (2) (3) associated with weight and bias that 

learned rule draw the decision boundaries using ANN when dealing with 

recognition problems e.g. pattern recognition [8, 9; 15]. 
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3. Discussion  
 

The operation process to form 
2211 xWxW   that emulated an action of 

human Dendrite when receiving an input message from last neuron. In the sense 

of the digital signal processing (DSP) is in an artificial neuron, the weight and 

bias values are updated by inputs similar to the Modulation) [4, 22] similar to 

Amplitude Modulation (AM) of radio [2]. bxWxW  2211  is an action that 

emulates an Axon Hillock to form the membrane potential. Under the condition of 
bxWxW  2211 be equal (or larger than n ) to n , and then transforms the 

membrane potential formed into an action potential by Axon. Therefore, the Axon 

is emulated to check whether it can inspire the neuron. Weight and bias are 

adjusted by inputs to be equal (or larger than n ) to n , and then they seem to 

emulated for inspiring an artificial neuron. 

The Synapse similar to activation function converts the action potential into 

electrical energy and chemical energy and passes it to the next neuron as inputs. 

This emulated action includes a process by which the combination function is 

transferred to obtain the output through activation function. When human neurons 

process external stimuli, there is a limit on the output because if the output pulse 

signal is too strong, the neurons may get damaged through inspiring. Supposed the 

operating system of the human neuron is a linear time-invariant system (LTI). 

When the input signal to the neurons is an impulse, then the output response is 

impulse [12, 17, 22), so that the output of the neuron is a pulse. Therefore, the 

activation function of the neuron cannot be LTI. 

An example shown in Figure 3, in which 0n  is a boundary from 

Formula (2). If it determinates at 0n , the neuron will be inspired. In contrast, 

for 0n , the neurons are inhibited. The weight and bias will be determined by 

training ANN in which learns how to e.g. identify particular classes by their 

typical input data characteristics, so that ANN can emulate the human neuron’s 

ability for learning by adjusting the values of weight and bias that emulated for 

inspiring an artificial neuron for feedforward ANN with target outputs [25]. The 

previous statements were described similarly [27]. That means that such Neural 

Network has three rules that are multiplication, summation and activation. The 

activation function converts a combined function into the transient pulse-like 

instantaneous output and passes it to the next neuron as the instantaneous input 

[14, 19, 20]. The inputs convert the combination function to outputs via the 

weights and biases. This is a mapping rule. The nonlinear factor is imported in 

training ANN because the activation function is a nonlinear function. The 

activation function of each artificial neuron is nonlinear, which is an analog of the 

human neuron’s recall [5]. 

 

4. Conclusion 
 

2211 xWxW   was emulated an action of human Dendrite, bxWxW  2211  

emulated the Axon Hillock to transform a membrane potential.  
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When bxWxW  2211 has been accessed (or larger than n ) to n  then an 

action potential is generated by Axon. The action potential was converted by 

Synapse served as a Activation function into electrical energy and chemical 

energy for the next neuron as inputs. 

 

 

 

Figure 3 Flowchart of the operations of artificial neuron that emulated: operation 

process in a human neuron. 

 



 

 

60                                                     Jyh-Woei Lin                    

 

 

Acknowledgements. The authors are grateful to the support of Department of 

Electrical Engineering in Southern Taiwan University of Science and Technology. 

Especially In memory of my mother dead in October, 9, 2016.  

 
 
References 

 

[1] E. Basar, EEG-dynamics and evoked potentials in sensory and cognitive 

processing by the brain, Chapter in Dynamics of Sensory and Cognitive 

Processing by the Brain, Springer Series in Brain Dynamics 1, E. Basar ed., 

Springer-Verlag Berlin-Heidelberg, 1988, 30-55.  

https://doi.org/10.1007/978-3-642-71531-0_3  

 

[2] J, Bray, Innovation and the Communications Revolution: From the Victorian 

Pioneers to Broadband Internet, Institution of Electrical Engineers, 2002. 

https://doi.org/10.1049/pbns030e  

 

[3] D. Debanne, E. Campanac, A. Bialowas, E. Carlier and G. Alcaraz, Axon 

Physiology, Physiological Reviews, 91 (2011), no. 2, 555-602.  

https://doi.org/10.1152/physrev.00048.2009  

 

[4] K. L. Du and M. N. S. Swamy, Wireless Communication Systems: From RF 

Subsystems to 4G Enabling Technologies, Cambridge University Press, 2010. 

https://doi.org/10.1017/cbo9780511841453  

 

[5] W. D. Ellis, A Source Book of Gestalt Psychology, Routledge, 2013.  

https://doi.org/10.4324/9781315009247  

 

[6] D. Ferrier, The Functions of the Brain, Smith, Elder and Company, London, 

1876. https://doi.org/10.1037/12860-000  

 

[7] S. Finger, Origins of Neuroscience, Oxford University Press, New York, 1994. 

 

[8] K. Fukushima, Neocognitron: A self-organizing neural network model for a 

mechanism of pattern recognition unaffected by shift in position, Biological 

Cybernetics, 36 (1980), no. 4, 193-202. https://doi.org/10.1007/bf00344251  

  

[9] K. Fukushima, N. Wake, Handwritten alphanumeric character recognition by 

the neocognitron, IEEE Trans. Neural Networks, 2 (1991), no. 3, 355-365. 

https://doi.org/10.1109/72.97912  

 

[10] R. Ge, H. Qian and J. H. Wang, Physiological synaptic signals initiate 

sequential spikes at soma of cortical pyramidal neurons, Molecular Brain, 4 

(2011), 19. https://doi.org/10.1186/1756-6606-4-19 

https://doi.org/10.1007/978-3-642-71531-0_3
https://doi.org/10.1049/pbns030e
https://doi.org/10.1152/physrev.00048.2009
https://doi.org/10.1017/cbo9780511841453
https://doi.org/10.4324/9781315009247
https://doi.org/10.1037/12860-000
https://doi.org/10.1007/bf00344251
https://doi.org/10.1109/72.97912


 

 

Artificial neural network related to biological neuron network: a review      61 

 

 

[11] A. Graves, Offline Arabic Handwriting Recognition with Multidimensional 

Recurrent Neural Networks, Chapter in Guide to OCR for Arabic Scripts, Springer 

London, 2012, 297-313. https://doi.org/10.1007/978-1-4471-4072-6_12  

 

[12] S. Haykin and B. Van Veen, Signals and Systems, 2nd Edition, John Wiley 

and Sons, Inc, 2002. 

 

[13]  S. Hitziger, Modeling The Variability of Electrical Activity in The Brain, 

PhD Thesis, Graduate School of Information and Communication, Sciences, 

University of Nice-Sophia Antipolis, France, 2015. 

 

[14] V. G. Ivancevic and T. T. Ivancevic, Quantum Neural Computation, Springer 

Science & Business Media, 2010.  

https://doi.org/10.1007/978-90-481-3350-5  

 

[15] C. Lee, D. A. Landgrebe, Decision boundary feature extraction for neural 

networks, IEEE Transactions on Neural Networks, 8 (1997), no. 1, 75-83.  

https://doi.org/10.1109/72.554193  

 

[16] E. Lorin and D. Saucier, Neuropsychology: Clinical and Experimental 

Foundations, Pearson-Allyn & Bacon, Boston, 2006. 

 

[17] D. McMahon, Signals & Systems Demystified, 1st Edition, McGraw-Hill 

Education, 2006. 

 

[18] W.S. McCulloch and W. Pitts, A Logical Calculus of Ideas Immanent in 

Nervous Activity, Bulletin of Mathematical Biophysics, 5 (1943), no. 4, 115-133. 

https://doi.org/10.1007/bf02478259  

 

[19] A. J. Maren and C. T. Harston, R. M. Pap, Handbook of Neural Computing 

Applications, Academic Press, 2014. 

 

[20] M. Mohri, A. Rostamizadeh and A. Talwalkar, Foundations of Machine 

Learning, MIT Press, 2012. 

 

[21] M. C. Nicoletti and Lakhmi C. Jain, Computational Intelligence Techniques 

for Bioprocess Modelling, Supervision and Control, Springer, 2009.  

https://doi.org/10.1007/978-3-642-01888-6  

 

[22] A. V Oppenheim and R.W Schafer, Discrete-Time Signal Processing (Third 

Edition), Prentice-Hall, Inc., Upper Saddle River, New Jersey, 2010. 

 

[23] S. Ramsden, F. M. Richardson, G. Josse, M. S. C. Thomas, C. Ellis, C. 

Shakeshaft, M. L. Seghier and C. J. Price, Verbal and non-verbal intelligence  

https://doi.org/10.1007/978-1-4471-4072-6_12
https://doi.org/10.1007/978-90-481-3350-5
https://doi.org/10.1007/bf02478259
https://doi.org/10.1007/978-3-642-01888-6


 

 

62                                                     Jyh-Woei Lin                    

 

 

changes in the teenage brain, Nature, 479 (2011), 113-116.  

https://doi.org/10.1038/nature10514  

 

[24] N. Rochester, J.H. Holland, L.H. Habit and W.L. Duda, Tests on a cell 

assembly theory of the action of the brain, using a large digital computer, IEEE 

Transactions on Information Theory, 2 (1956), no. 3, 80-93.  

https://doi.org/10.1109/tit.1956.1056810  

 

[25] D. E. Rumelhart and J. L. McClelland, Parallel Distributed Processing, 

Explorations in The Microstructure of Cognition, Vol. 1, MIT Press, Cambridge, 

Massachusetts, 1986. 

 

[26] L. R. Squire, F. E. Bloom, N. C. Spitzer, S. D. Lac, A. Ghosh and D. Berg, 

Fundamental of Neuroscience, The third Edition, Elsevier Inc, 2008. 

 

[27] K. Suzuki, Artificial Neural Networks-Methodological Advances and 

Biomedical Applications, InTech Open, 2011. https://doi.org/10.5772/644  

 

[28] D. S. Touretzky, M. C. Mozer and M. E. Hasselmo, Advances in Neural 

Information Processing Systems 8: Proceedings of the 1995 Conference, Vol. 8, 

MIT Press, 1996. 

 

[29] L. E. Trudeau and R. Gutiérrez, On cotransmission & neurotransmitter 

phenotype plasticity, Mol. Interv., 3 (2007), 138-146.  

https://doi.org/10.1124/mi.7.3.5  

 

 

Received: June 1, 2017; Published: July 3, 2017 

 

https://doi.org/10.1038/nature10514
https://doi.org/10.1109/tit.1956.1056810
https://doi.org/10.5772/644
https://doi.org/10.1124/mi.7.3.5

