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Abstract—How human brain works has always been a mystery. 
Though scientists have a lot of findings on this question through 
modern day research but yet a long way to go. Artificial intelligence, 
deep learning as well as robotics are crucial parts with neuroscience 
to understand this very sophisticated manner. While brain is made 
of billions of neurons but not all the brains are the same. Research 
shows, these neurons are only powerful when they are connected to 
each other, in other words, brain is powerful while struggling or 
solving a problem. Brain is also very adaptive from its past 
experience and train itself from impulses. We  study and review 
relevant school of thoughts on the topic  and find the common  
grounds. 

I. INTRODUCTION 

Since the discovery of intelligence people have been 

interested in finding out ways to improve it. Artificial 

Intelligence (AI) research is the study   of how the brain works. 

AI is a unique blend of multiple disciplines including computer 

vision, analysis, linguistics, machine learning and neuroscience. 

Replicating human intelligence artificially is the greatest 

problem in science and technology today. Making significant 

progress towards their solution will require the interaction  of 

several  disciplines  and research development on various 

methods of how  a human brain think. As the availability of 

computing power  and infrastructure has grown such as fast 

GPUs, Cloud Ser- vices (Amazon Web Services, Google cloud 

platform, etc), tools (Tenorflow, Keras, etc) and most important 

the huge amount and quality of training  data.  Our  desire  to  

match  the level of human intellect has  given  birth  to  

algorithms like CNN, LSTM, SGD, etc. Which has in turn 

fueled the vastly different approaches to build intelligence 

systems. IBM discovery of Deep Blue Brain project is still 

astonishing. It was a combination of sophisticated software 

engineering and raw calculation speed gave Deep Blue the edge 

to play chess with world famous champion Gary Kasparov. 

Kasparov could play two or three positions per second, Deep 

Blue could handle 200 million. Blue Brain’s processors act like 

neurons and connections between processors act as axons, 

allowing a fundamentally different form of intelligence to 

emerge   [9]. 

In this research project we are trying to understand the 

existing digital human  brain  models  created  so  far  based  on 

different types of studies based on brain models, deep learning 

and other studies in this domain from the  perspective of 

computer science. 

II. LONG-TERM DECLARATIVE EPISODIC 

MEMORY 

The most popular model for studying memory, the 

Atkinson-Shiffrin model, consists of a sequence of three 

stages, from sensory to short-term to long-term memory 

(Figure 1). In this study, we are concerned with long-term 

declarative  episodic  (experiential)  memory,   the   memory 

of experiences and events in time in a serial form. This 

memory allows us to  reconstruct  the  actual  events  that  

took place at any given point in our lives, and apparently 

decays little over time and can store an essentially unlimited 

amount of information almost indefinitely. In fact, there is 

currently a debate as to whether we ever forget anything, or 

whether it merely becomes difficult to retrieve certain items 

from memory [http://www.human-memory.net/types.html, 

https://en.wikipedia.org/wiki/Episodicmemory].

Fig. 1. Types of Human Memory [http://www.human-
memory.net/types.html] (adapted)
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Fig. 2.   The structure of the standard  model(adapted) 

The recently proposed standard model of the mind   (Figure 

2) emphasizes the importance of human memory systems in

understanding the workings of the mind (Dangelo, 2015). 

III. COMPUTER SIMULATION BRAIN MODELS

We understand the mind to be ”the faculty of consciousness 

and thought.” [3]. The mind is capable of perception, judg- 

ment, imagination, recognition, memory, feelings, attitudes, and 

emotions. All of these things determine our choice of action. 

Various structures of the brain are responsible for specific 

mental processes.  For  example,  our  consciousness is affected 

by the prefrontal cortex, using collections of neurons with 

parallel connections across other regions in the brain [12] Opris 

[13] suggests that interactions between inter laminar prefrontal 

microcircuits, the posterior parietal cortex, and cortico-striatal-

thalamo-cortical circuits are responsible for making our 

decisions. The neocortex of the brain is responsible for sensory 

perception, recognition of everything from visual objects to 

abstract concepts, controlling movement, reasoning from spatial 

orientation, rational thought and language in what we regard as 

”thinking” [8]. The neocortex may also recognize patterns. 

According to Kurzweil, this is possible because the neocortex 

has a columnar organization, as first discovered by Vernon 

Mountcastle. 

We can use the brain’s architecture as a blueprint for 

designing a digital counterpart. Kurzweil [8] estimates the mind 

contains ”30-100 million bytes of compressed code,”  and 

artificial intelligence, if created based on this design and using 

hidden Markov models and genetic algorithms, could surpass 

the human mind in its capabilities. But an artificial brain of that 

ability will require massive computational power that will not 

be reached for another decade [7]. The Blue Brain Project [10] 

has thus far only managed to replicate a rodent brain [11]. 

Figure 3 below shows the time line of the actual and projected 

progress of the Blue Brain simulation project   by year in a 45 

degree line on a graph. The progression in     the  X axis 

represents computer  speed(FLOPS) and  in  the Y 

axis represents computer memory in bytes needed to run the 

project. 

Fig. 3. Actual and projected progress of the Blue Brain brain simulation 
project (adapted) 

Dharmendra Modha and others simulated a digital brain 

model, cell-by-cell, of a partial human visual neocortex that 

contains 1.6 billion virtual neurons and 9 trillion synapses 

equivalent to a cat neocortex [8]. Hierarchical Hidden 

Markov Models(HHMMs) [4] are used for speech 

recognition and natural language texts. 

Human brain is very complex connnected with different 

sensors like visual, auditory, speech and so on. Human brain 

learns through observation and experiments. Computer sys- 

tems can be implemented to mimic the same 

implementation. However, it’s difficult to implement a 

system that can learn from multiple disciplines where as 

human brain can easily adopt from multiple disciplines. 

Researchers have put in countless efforts to implement 

human like brain and showed numerous progress on 

enabling computer learn from multiple disciples. Blue Brain 

project is an excellent example where computer scientists 

and neurologists building electric brain simulation trying to 

mimic the human brain. The goal for Blue brain project is to 

reverse engineer the human brain trying to understand the 

the brain really works. Another goal for Blue brain project is 

to treat various illnesses and conditions. The questions still 

remain can a simulated brain think, feel and experience as 

the human does. Here we describe some of the different 

brain models implemented so far and how they work. 

A. Blue Brain Model 

IBM has created a brain model called the Blue Brain 

Model. The Blue Brain Project is an attempt to reverse 

engineer the human brain and reform it at molecular level 

inside a computer simulation. Our ability of understanding, 

view and knowledge are governed by the magical nervous 

system. Although we cannot decode or see its functioning, it 

works through elec- trical  impulses  throughout  our  body.  

Engineers  still havent 
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Fig. 4. Blue Brain Simulation [https://www.slideshare.net/AnushriPatil/blue- 
brain-59674776]

come close to designing a circuit boards or computers close   to 

human brains. Sensory input, integration motor output are the 

three basic functions that put this system into action. Blue Gene 

supercomputer built by IBM is the primary machine used for 

the Blue Brain project. In fact, the term Blue Brain originated 

from the use of this Blue Gene supercomputer(George, 2015) 

The Blue Brain Project is an ongoing research which 

involves stimulating brains natural biological systems to output 

the data as a 3D model which will help in recreating the high-

speed electrochemical interactions that take place within the 

interior of the brain by using Blue Gene supercomputer 

technology. IBM project was headed by Henry Markram, Felix 

Schurmann and Sean Hill. The initial goal of the Blue Brain 

Project was completed in December 2006, was the simulation 

and uploading of a rat neocortical column, which  is the 

smallest functional unit of the neocortex (that is the brain 

component which responsible for higher functions such as 

conscious thought(George, 2015). Neurons receive inputs from 

thousands of other neurons, which are intricately mapped  onto 

different branches of highly  complex  dendritic  trees  and 

require tens of thousands of compartments to accurately 

represent them [9]. 

The Blue Brain Project works on four major   motivations: 

1) Treatments of Brain dysfunctioning.

2) Scientific curiosity about consciousness and the human

mind.

3) A bottom up approach towards building thinking ma-

chine.

4) Database of all neuroscientific research results and re-

lated past stories.

Few of the many applications of the Blue Brain Project are as 

follows: 

1) It will help in the treatment of several neurological

disorders like Alzheimers disease, epilepsy disorder,

bipolar disorder etc.

2) For brain donation as it will help continual functioning of

the brain even after the death of that    person.

3) Scientific curiosity about conscious and subconscious

mind can get a major  breakthrough.

B. The Human Brain Project(HBP) 

Human Brain Project (HBP) originated from the Blue 

Brains results with the possibility of modelling a rat cortical 

column and the idea behind HBP is to promote large-scale 

collabora- tion and data sharing [2]. Fundamental to the HBP 

approach  is to investigate the brain on different spatial and 

temporal scales (ie from the molecular to the large networks 

underlying higher cognitive processes, and from milliseconds 

to years).  To achieve this  goal,  the  HBP  relies  on  the  

collaboration of scientists from diverse disciplines, including 

neuroscience, philosophy and computer science, to take 

advantage of the loop of experimental data, modelling theories 

and simulations. The idea is that empirical results are used to 

develop theories, which then foster modelling  and  

simulations  which  result  in predictions that are in turn 

verified by empirical results    [1]. The data HBP using may 

include human  life  history  data, medical histories, clinical 

assays, genetic tests, brain images, records of treatments and 

their results and much  more. The scope of such real-world 

data dwarfs any clinical trial that can be imagined [14]. Rules  

extracted  from  the  data will be transformed into 

mathematical models of specific brain structures and 

functionality  (e.g.  electrical  behavior  of neurons, protein 

interactions, synaptic transmission and plasticity, neuro-glial-

vascular coupling, etc.). Software tools (builders) will allow 

researchers to instantiate these models with their own 

hypotheses and to collaboratively define in silico experiments 

[11]. 

C. McCulloch Pitts Model 

The McCulloch Pitts model describes the neuron as a node 

connected with a set of inputs(I1, I2, I3) and an output. 

Weights are normalized and assigned to each connection with 

the node. The weighted sum is then passed through an 

activation function to generate the output of the neuron. In 

case of McCulloch Pitts model the linear threshold gate 

function is used. There are three types of neurons used in the 

model -Input neuron, Middle Neuron and Pulsar neuron. The 

model was created     in Verilog and all the modules were 

simulated using ISIM Simulator of Xilinx ISE Package. A 

number of different simulation results were obtained using this 

model by Simulation of Input Neuron, Simulation of Single 

Column, and Simulation of Five Column Model.(Fine, 1998) 

From the results we can deduce that the proposed model has a 

potential to evolve like  human  brain and perform various 

tasks like image processing and pattern recognition. (Fine, 1998) 

It is one of the common methods of training Artificial Neural 

Networks. This method is used calculate the error in the 

output and with the help of the error weights are adjusted to 

produce smaller errors. The goal of the model was to 

determine which nodes are most to be blamed for the error in 

the output and try to adjust their weights the most. 

D. Sparse-Sysid Model 

A novel brain model named good-enough brain model was 

developed based on the algorithm Sparse-Sysid. The model 

can viably demonstrate the elements of the neuron intuitive 

and induce the utilitarian network. It was assessed utilizing 

both manufactured and genuine brain information. With the 

utilize of genuine information, it was able to create brain 

activity patterns comparable to the genuine ones. C3-3
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It provided better neuro scientific insights in order to 

understand the way that neurons interact with each other as well 

as detect regularities and outliers in multi-subject brain activity 

measurements. (Hawkins, 2016) 

The essential center of this work is to gauge the functional 

connectivity of the human brain, i.e. the interaction design of 

groups of neurons. The work touches upon finding fundamental 

organize structures from time series data. 

E. Data Brain Model 

There is also a case study based on Data-Brain development 

dependent upon brain informatics (BI) technique. The Data- 

Brain is a conceptual brain data model, which speaks to useful 

connections among different human brain information sources, 

with regard to all major angles and capabilities of the human 

data preparing framework for orderly examination and 

understanding of human insights. BI methodology supports 

Data-Brain construction, hence a graphical modeling language 

VFDM - View-Fact-Dimension-Model is developed. It is used 

for the Brain-Data construction which provides a long-term 

vision to understand human information processing 

system.(Jolivet,2015) Another applied model called Data-Brain 

is expected to speak to complex connections among different 

human cerebrum information sources, which are acquired  from 

different subjective tests by utilizing fMRI/EEG. The 

accompanying supporting capacities are asked to assemble such 

an Data-Brain: 

1) It needs a reasonable model and its structure portrayal for

information sharing and  mix

2) It is a network-based, reproduction, and examination

situated, dynamic, spatial and sight and sound   database

3) It manages different information sources, various infor-

mation frames, different levels of information granular-

ity;

4) It gives various perspectives and  associations

5) It underpins different techniques for information exami-

nation, reproduction, representation, and additionally the

comparing learning.

The Data-Brain model is an applied mind information show, 

which speaks to utilitarian connections among different hu- 

man mind information sources, regarding every single real 

viewpoint and capacities of HIPS, for methodical examination 

and comprehension of human insight. It is composed of many 

VFDM schemes. Currently, the Data-Brain is being developed 

as machine-readable for developing a human brain data center 

on the BI portal.(Jolivet,2015) 

F. Pattern Recognition Theory of Mind  (PRTM) 

This is a theory  that  describes  the  basic  algorithms  of  the 

neocortex based  on  the  hypothesis  that  the  neocortex  is a 

homogeneous, recursive structure composed of a large number 

of basic structural units called pattern recognizers [8], hence 

making the neocortex itself a pattern recognizer. The 

Fig. 5. Transforming from a conceptual view of the DataBrain into its own 
structural view with 4  dimensions(adapted) (Jianhui, 2008) 

bottom-up, hierarchical organization of patterns and pattern 

recognizers is a key attribute of this theory.It allows for the 

expression, matching and storage of complex and abstract 

concepts. 

Pattern recognizers are defined through a hierarchy of self 

organizing connections that link together. When a new pattern 

is learned, new connections are formed between the pattern 

recognizers that were involved in recognizing the given input 

pattern. Each pattern recognizer is responsible for identifying  

a single input pattern. There is also redundancy among pattern 

recognizers to identity the same input pattern. This 

redundancy allows for generalization of pattern identification, 

which allows a system to learn and tolerate variations in input 

patterns. The self-organization of pattern recognizers is an 

important feature of PRTM, as it enables a system to create 

new connections and remove obsolete connections while it 

learns new input patterns over time. 

G. Hierarchical Temporal Memory (HTM) 

Hierarchical Temporal Memory (HTM) is a biologically 

constrained theoretical framework that describes the funda- 

mental principals of the  neocortex  [6].  It  is  the  successor 

of George and Hawkins memory-prediction theory [5] which 

defined a theoretical model of the human neocortex. Like 

Kurzweils Pattern Recognition Theory of Mind it defines a 

the neocortex as a recursive, homogeneous structure which a 

hierarchical organization. Hierarchical Temporal Memory is 

based on three key principals: common algorithms of cortical 

regions, hierarchy, and sparsely connected neurons  [6]. 

1) Hawkins, J. et al, propose that because of the neocortexs

structural uniformity and the fact that we now know that

regions of the neocortex perform very similar actions

there must be some fundamental algorithms that can

generate behaviors for all sensory perceptions such as

hearing, vision and language  [6].
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2) Cortical regions are defined by a logical hierarchy of

connections whereby higher-level perceptions are de-

rived from lower-level sensory patterns.

3) The sparse connections (activation) of neurons allows the

mind to efficiently  learn  new  sequences  as  well as

make predictions. It is these moment-to-moment thoughts

and perceptions that define which neurons are active at

any given point in time. The third principal de- fines what

HTM considers the foundations of biological intelligence

[6].

IV. METHODOLOGY

Our Brain Model is to discuss and experiment on Roseblatt’s 

c-system which he called perceptrons(Rosenblatt, 1962). He 

claims that perceptron model is distinct from other existed brain 

models, or ”nerve nets”. Rosenblatt’s perceptron consists of a 

set of signal generating units (or ”neurons”) connected together 

form a network. Each of these units, upon receiving   a suitable 

input signal (either from other units in the network or from the 

environment; responds by generating an output signal, which 

may be transmitted, through connections, to a selected set of 

receiving units. Each perceptron includes a sensory input (i.e. , 

a set of units capable of responding to signals originating from 

the environment) and one or more output units, which generate 

signals which can be directly observed by an experimenter, or 

by an automatic control mechanism. The logical properties of a 

perceptron are defined by: 

1) Its topological organization (i.e., the connections among

the signal units);

2) A set of signal propagation functions, or rules governing

the generation and transmission of  signals;

3) A set of memory functions or rules for modification of the

network properties as a consequence of  activity.

Below is the description and the figure of the   model. 

Fig. 6.   Rosenblatt C-System(adapted) 

This is a sequential memory system works well with ”neural 

networks” can be adopted in alphabet character recognition and 

speech recognition(Rosenblatt, 1964). The above     figure 

consists of four major units. It starts with Source and Sensory 

transmission network retina input system connected with As- 

sociation System a recording unit capable of detecting 

features like straight lines or edges sends the signals to 

Response units as the output. O-servo is a control mechanism 

to the A-system to maintain a constant level of activity 

despite changes in the distribution or intensity of input 

signals. C-system or clock network is connected with 

Association System and Response units to control the 

memory of the sequences of the brain. This clock may be 

synchronous(processing through a sequence of states at a rate 

which is independent of external events) or asynchronous, in 

which case it advances from one state to the next only when a 

suitable trigger-event occurs to make it do so. 

Rosenblatt Brain model is built upon mathematical heuris- 

tics and technology was not available to proof this model in 

action. We are proposing an experimental model based on 

Rosenblatt Brain model using MNIST Handwritten Numbers 

dataset. Below is the description and the figure of our 

model. 

Fig. 7.   Our Proposed Brain  Model 

Our proposed model consists of four major units similar to 

Rosenblatts model. The S-system feed the input and 

connected with A-System contains some hidden layers 

capable of detect- ing lines or edges sends the signals to R-

System as the output and the C-System controls the activity 

of the   S-system. 
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V. EXPERIMENTS 
Image Recognition experiments were performed on images of 

hand written number MNIST dataset [18] which exist inside the 

datasets of Keras library. The 10 digits 0-9 each of size 28 x 28 

pixels in Black and White color as shown in the Figure 8. 

Figure 8. Sample of images from MNIST dataset [17]. 

Experiment 1 – CNN model without C-System 

   A convolutional neural network was trained to recognize the 

hand written numbers from the MNIST dataset. The model 

consist of 5 layers (Figure 9). The first layer is the 

convolution2d layer with 32 filters, kernel size of 3x3 and 

ReLU activations. The second layer is similar to the first 

convolution2d layer except is has 64 filters. The third layer is 

max_pooling2d with pool size of 2x2. Dropout layer with 

probability of 0.25% dropping is used to regularize the inputs 

and save the model from overfitting. The input is then flattened 

and passed to dense layer. The fourth layer is the fully 

connected dense layer with 128 units. The output of dense layer 

with 0.5% dropping probability is passed through dropouts 

again and sent to another dense layer. The fifth layer is fully 

connected dense layer with 10 units and Softmax activation 

which gives us the probability of the digit to be from all the 

digits 10 digits (0-9). 

Figure 9. Summary of the CNN model. 

Experiment 2 – CNN model with C-System 

   An ANN was trained on the activations from the CNN model 

created in experiment 1.The model consist of 2 layers (Figure 

10). This ANN model is used simultaneously with the CNN as 

the C-system. It is able to learn from the activations about the 

input image and is able to provide confidence to the output of 

our CNN. If the input image ever fails to load due to the sensors 

failure, the C-system will still be able to predict the correct 

prediction as it will be trained on the many more features which 

are extracted from the image.  

Figure 10. Summary of the ANN model 

VI. RESULTS

   CNN model is able to reach accuracy of 0.9915 and validation 

accuracy of 0.9924 after 10 epochs. Figure 11 shows confusion 

matrix for the CNN model after 10 epochs. 

Figure 11. Confusion matrix for CNN model with 10 epochs. 

After 20 epochs the same CNN model accuracy goes up to 

0.9955 and validation accuracy goes up to 0.9927. Figure 12 

shows confusion matrix for CNN model with 20 epochs. 
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Figure 12. Confusion matrix for CNN model with 20 epochs 

We can observe there are some digits whose accuracy has 

increased, but there are also some digits whose accuracy has 

gone down even though the accuracy of the entire model as a 

whole has gone up. We have yet to observe the CNN model with 

ANN C-system effect on the same dataset and how it effects the 

system’s accuracy and validation performance. 

VII. CONCLUSION AND FUTURE WORK

   The analysis of brain function generates multidisciplinary 

data ranging from protein sequences through anatomy, 

physiology, pharmacology, etc., to behavior. Understanding 

brain function requires integrating these diverse data into 

models for each main type of neuron; this can give insight 

into the mechanisms underlying the functional operations for 

that neuron. How to do this integration accurately and 

efficiently presents one of the greatest challenges to 

contemporary neuroscience [15]. 
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