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Abstract

This study aimed to present a new model to develop and expand nanotechnology in particular in the field of medicine.
The subject under study focus on the control design of nano-robots for bio-molecular assembly manipulation, and use of
evolutionary factors as a suitable method to gain the adaptive properties for proposed model is needed. Moreover, the
study use of neural networks as the most practical method for the optimization problem of robot motion using a sensor
based system. Thus, the study proposes a useful method within advanced graphics simulation for nano-assembly
automation with its focus on an applied model for nano-medicine. Therefore, the study results should provide a great
impact for effective design of control instrumentation, helping in the development of nanotechnology. The presented
nano-robot model is required to survive and interact with a complex environment. Furthermore the nano-robot has to
consider a pre-defined set of tasks both in a competitive scenario and in a collective environment. Nano-robot in a
three-dimensional environment monitors organ inlets’ nutritional levels, and assembling new biomolecules into that
have to be delivered to the organ inlets with higher priority during each moment of our dynamic simulation. The
nano-robot must avoid fuzzy obstacles, and must with proper time and manner react in real time for an environment
requiring continuous control. In order to achieve the most pre-programmed set of behaviors the nano-robot uses a local
perception through simulated sensors to effectively interact with the surrounding environment. The development of new
concepts on nano-mechatronics and automation theory is focused on the problem of molecular machine systems. Finally
a novel adaptive optimal method is described and the model validation through the application of nano-robot control
design for nano-medicine confirmed.
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1. Introduction

Nanotechnology creates small, fast and inexpensive tools with new applications and in the medical field has
revolutionized the treatment of diseases such as cancer, cardiovascular diseases, neurological disorders and other
diseases. Developments of nanotechnology in various fields, especially in the field of sensors and computers lead to
advent of nano- and micro-robots. Micro- and nano-bots on the one hand deal with large volumes of data and on the
other hand, through sensors and actuators are associated with the physical world (Mohandesi and Nezhaf Koraim,
2007).

Nanotechnology can best be defined as a description of activities at the level of atoms and molecules that have
applications in the real world. Nano-robots are the robots that are simply known as that controllable machine at the nano
meter or molecular scale, composed of nano-components. More specifically, nano robotics refers to the still largely
hypothetical nanotechnology engineering discipline of designing and building nano robots. Even though the field of
nano robotics is fundamentally different from that of the macro robots due to the differences in scale and material, there
are many similarities in design and control techniques that eventually could be projected and applied (Sivasankar and
Durairaj, 2012).

Recently, field of nanotechnology and nano-engineering faced with new possibilities and challenges. The gap between
the top down strategy and bottom-up strategy to build nanometer-sized electromechanical structures (NEMS) has been
gradually reduced. Therefore, powerful tools to design and modeling nano-sized objects emerged. So, now we are
entering a new stage to build NEMS based on nanotechnology (Mokhoff, 2003).

In the Europe, American and Japan research ministries have provided significant resources for the rapid development of
nanotechnology, and in these fields spent million dollars to equip systems and tools with different types of
nanotechnology (Scientific American, 2002).
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In the medical area, it is expected the same miniaturization of devices to have a direct impact on applied
instrumentation and practices (Watson et al., 2009). Hence, the first class of nano-robots, that are expected to have
effective applications in such areas as health care and environmental monitoring, are likely to emerge for the coming
decades (Requicha, 2003).

The rise of nanorobots for medical diagnostics and treatments is arriving in the near future. In this study, a control
method is designed so that the motion of a nanorobot can be controlled inside the blood vessel of the human body when
we use them for medical therapies (Farahani and Farahani, 2016).

Two strategies top down and bottom-up for creating nano systems have been presented (Feynman, 1960). A
combination of these two methods could be useful. Building first blocks through direct self-assemble to generate
supra-molecules, and then convert them into more complex nano systems by smaller and smaller nano-manipulators.
Hence, nano-manipulation, or positional control at the nanometer scale is a key technology for molecular
nanotechnology (Drexler, 1981).

In the context of computer animation, motion control and planning can be used to effectively compute primary
intentional motions. Examples include computing collision-free motions to accomplish high level navigation or object
manipulation tasks (Kuffner, 1998; Bandi, 1998; Koga et al., 1994), or connecting different body configurations (Boulic
et al., 1997; Ching and Badler, 1992). Motion planning is particularly suited to such tasks, since there is an infinite
number of goal locations and obstacle in the environment.

Indeed path planning problems and motion control arise in different fields as robotics (Cavalcanti et al., 2007),
assembly analysis (Cavalcant et al., 2009; Cavalcanti et al., 2008), virtual prototyping (Cavalcanti et al., 2007; Bar-On
et al., 1993), and computer animation (Kuffner, 1998). Such problems involve searching the systems configuration
space for a collision-free path and connecting start and goal configuration. Randomized algorithms for path planning
and motion control successes in recent years and has better efficiency in handling problems with many degrees of
freedom (Bar-On et al. 1993).

Jaiswal et al. (2013) studied the use of an artificial nano-medical erythrocyte which duplicates all of the important
functions of the red blood cell by providing treatment for anaemia, heart attack, choking, lung diseases, asphyxia, and
other respiratory problems. These nano-robots are able to keep a patient’s tissues safely oxygenated for up to about 4
hours (at maximum dosage) if their heart has stopped beating in case of a heart attack.

Nanorobots are increasingly important in today’s world, but there is still no good framework to design these kinds of
robots, although in this field recently some studies have been carried out (Behkam and Sitti, 2006; Arora and Saini,
2013 and Farr et al. 2014).

Al-Arif et al. (2011) investigated the possibility of using Nanorobots in finding damaged nerve and delivering medicine
to cure the demyelination. Due to the small size of these robots, the designed robots are very complicated and consist of
very small components.

Boonrong and Kaewkamnerdpong (2011) proposed a swarm intelligence based control mechanism for swarm
nanorobots that operate as artificial platelets to search for wounds. For both industrial and medical applications such as
microsurgery, Pan et al. (2011) developed a prototype with a rotatable head and a body that has legs and fins.

Douglas et al. (2012) described a DNA nanobot shaped like a hexagonal tube, with its two halves connected by a
latched hinge. When the little device recognizes a target cell based on its surface proteins, the two halves swing open
like a clam to deliver a tiny but deadly cargo of drugs or nanoparticles.

2. Proposed Model

The aim of this work is to propose the analytical and computational method for a new control model, using computer
aided design and real time physically based simulation, for the implementation of new concepts and methodologies that
can support the automation of medical nano-robotics. The nano-robot model is pre-programmed to perform a set of
tasks related to the nano-assembly automation and control. In the control model, ability of robotics features is
considered important and complex issues to achieve molecular manipulation. For the effective development of nano
technology can consider the implementation of new tools and systems adopting multidisciplinary methods. The demand
for automatic manipulation, encoding and control of macro and nano structures of biological materials is paramount. In
general, we can describe a nano-robotic molecular system as a system able to perform molecular manufacturing at the
atomic scale; constituent robots are capable of interacting with the surrounding environment.

So, the main focus in this study is nano-robot control design for nano-medical application, while a set of pre-defined
tasks is performed by nano-robots to deliver proteins in a 3D microscopic environment. In the next step, same
biomolecules should be delivered to a set of organ inlets requiring drug or protein injection. For analytical analysis, we
chose nano-manipulation in a liquid workspace, which is mostly relevant to biomedical applications. The proposed
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design has to be robust enough to perform in a complex environment with movement providing six-degrees-of-freedom.
Taking into consideration all the characteristics described above, we adopted the use of non-deterministic approaches as
the most feasible control method. Like some techniques inspired by biological and natural models, and evolving some
capabilities characteristic of artificial life and intelligent factors, it should inherit some ideal counterparts for such a
nano-robotic model.

Thus, a model using evolutionary techniques and artificial neural networks was adopted and finally the model as an
adaptive model is used in the study. The reason for this choice is based on the fact that the nano-robot must be capable
of reacting in real time, in accordance with different changes and requirements that come from the surrounding dynamic
environment.

3. Physical Simulation

The physical simulation is a branch of computer graphics that has a great range of applications in different fields.
Physical simulation for nanoCAD design, new devices at nano-scale in nanotechnology has great importance
(Cavalcanti et al., 2008). With the application of virtual reality and dynamic collision detection many aspects for a
better comprehension of kinetics features in the nanotechnology could be improved. The representation of diverse
contacts in 3D are easily accompanied with the use of a virtual reality approach, where the exact conditions for
dynamically contacted forces could be expressed. Although there are different methodologies for collision detection
with bounding volumes, we have chosen the Interval Tree for 2D Intersection; this is the most suitable approach for the
complexity of environments with different objects and robots moving all around the workspace, once its reduced
number of pairwise checks improve the simulator performance. The computer graphics is providing a new opportunity
for field of science include nanotechnology (Cavalcanti et al., 2009) moreover computer graphics will play a decisive
role in the development of nanotechnology (Cavalcanti et al., 2008; Cavalcanti et al., 2006; Bar-On et al., 1993;
Cavalcanti et al., 2007).

So despite the challenges and constraints, efficient and flexible algorithms to compute collision-free movement for
certain set of work orders that are designed for a wide range of situations. The randomized path planner of Barraquand
and Latombe (Barraquand et al., 1997) was an early attempt to solve problems with multi-dimensional configuration
spaces. Theoretical results show that resolution of the geometry of the configuration space is a small roadmap can
correctly capture the connectivity of the free space with a high probability (Hsu et al., 1997).

More precisely, incomplete roadmap represents the connectivity of the free space that decreases the number of sample
points in the roadmap. The main issue affecting coverage of the free space is the presence of narrow passages in the
configuration space (Hsu et al., 1998).

There are numerous variations on the basic roadmap strategy, most of which rely on different sampling techniques in an
effort to reduce the computational costs. The roadmaps are especially suitable when multiple planning queries are given
for a robot in the same static environment, since searching a roadmap is very fast (Amato and Wu, 1996). However, the
overhead associated with roadmap is often too large for single-query planning problems in interactive environments
(Boor et al., 1999). LaValle recently introduced the concept of Rapidly-exploring Random Trees (RRTs), for
nonholonomic motion planning designed. RRTs have also been applied to kinodynamic planning problems in
configuration spaces to 12 dimensions. For both holonomic and nonholonomic planning, the sampling technique show
several desirable properties.

Further approaches were also proposed for example genetic algorithms, tabu search, neural networks that were applied
to the problem of motion control (Cavalcanti et al., 2007). A mathematical description of the basic aspects related to the
problem of motion control is detailed next.

The study of motion planning is a part of the control problem that has a great application for robotics control
(Cavalcanti et al., 2008) many algorithms have been proposed dealing with motion planning optimization (Amato and
Wu, 1996; Boor et al., 1999; Cavalcanti et al., 2007). Mobile robot requires a more elaborated motion algorithm, so
robot can work in a more complex environment. Thus for such cases, the best way to deal with uncertain environments
is to use non-deterministic approaches. Generally non-deterministic methods by a set of sensors will be supported robot
when dealing with unpredictable situations.

4. Description of Motion Control

Basic motion planning can be characterized as an optimal control problem. In this section we are not using control
theory to study issues such as robot dynamics and control, but simply redesign the basic motion planning problem.

Optimal control theory is a vast issue, and only some key definitions are provided here. Let X < R n represent a state
space in which x0 e X represents the initial state of a system. Let n u :[0,t f ] — R represent a control function in which
[0,t f] represents an interval of time. The control at time t is given by u(t), and the system state at time t is given by x(t).
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The system equation can be represented as xf (x(t),u(t)), which defines how the state will evolve over time. A loss
functional is defined and at any state path and control function as follows:

Equation 1: L(x(.),u(.)):jtof 1(x(t),u(t))dt+Q(x(tr)

The integrand 1(x(t),u(t)) represents an instantaneous cost, when integrated can be imagined as the total amount of
energy that is expended. Q (x(tf)) is a final cost that can be used to induce a preference over path that terminate in a
particular portion of the state space by penalizing the final state of the system.

Also t f = oo and describe an asymptotic final state x(w0). Let the initial state, X0, is given. The optimal control design
task is to select a control function u(>) that causes equation 1 minimized.

Considering that the basic motion planning could be expressed as a problem to compute a path t [0,1] — C free so that
7 (0) = qginit and t (1) = qgoal, when such a path exists, there are natural choice for the state space as X = C free.

Furthermore if robot dynamics were also included in the problem specification, then X might be expanded to include
time derivatives on the configuration space. Next we define a simple system equation, f (x(t),u(t)) = u(t) for all t. This is
not intended to be the most specific model of a particular robotic system, but rather it is used to encode the basic motion
planning problem. We can assume for all t that the control input is either normalized, u(t) = 1, or u(t) = 0.

The initial state of the system is fixed, t (0) = ginit . The loss functional can be simplified to L(x(-),u(:)) = Q(x(t f)). We
take Q(x(tf)) =0 if x(t f) = qgoal, and Q(x(t f)) = 1 otherwise. Thus the modeling partitioned the space of admissible
controls into two classes: control functions that because the basic motion planning problem to be solved receiving zero
loss; otherwise, unit loss is received.

The motion planning problem requires a collision-free path. This can be obtained by mapping the space of control
functions into the space of state path for well-known obstacles. For u(t), t >0 and x0, a state path xu(t), t > 0 can be
completely predicted. If L(xu (-),u(-)) =0, then the determined state path is a solution to the basic motion planning
problem, which can be expressed as t (s) = xu (st f).

The previous formulation considered all control inputs. By changing the functional loss, the optimal-path-length motion
planning problem can be formulated:

Equation 2: L(X(.), U(.))=

otherwise— @

The term [ [|x||dt  show the path length, and x& (T) = U (t) shown for all t.

5. Sensor-Based Motion Control

The role of perception for a given robot with predefined motor actions is to determine what actions take place and when.
In this style of action-oriented perception, the action defines the perception what information is needed for the action to
make its control decision. Thus perception for intelligent robots may be defined as “the process of gathering or
receiving data about the environment and the agent itself”(Chenney, 1996). Architecture of intelligent agents usually
provides method of interfacing the agent to the environment through sensors. Sensory information can be encoded at
both a low level and a high level and utilized by high-level decision-making processes of the agent. We could
summaries perception of the environment around a robot in two fundamental operations: gathering data about the
environment, and interpreting the data. For a physical robot, gathering data involves devices such as cameras, laser
rangefinders, and sonars, while interpreting data involves software algorithms, e.g. image segmentation, 3D model
reconstruction, object recognition, motion estimation, etc.

Some research has been done on sensor-based motion, therefore perception is used to help decide what action the robot
should take and when it should be performed, and such approach is also known in the literature as perceptual sensing.

6. Artificial Neural Network
The concept of neural networks and uses it return to human interest to simulate the brain (Boulic et al., 1997). Neural
networks are computational models that are able to connect the relationship between inputs and outputs of physical
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systems by a network of nodes, determine where the activity of each of these connections by historical data set (learning
process) finally, the model will be able to discover the laws of the inputs and outputs, but these laws are nonlinear and
complex. A neural network consists of the components of layers and weight. Network behavior also depends on the
relationship between members.

In general, three types of neurons in neural networks are:
1) Input layer: Get the raw data that is fed into the network.

2) Hidden layers: hidden performance by the input layer and weight with respect to the relationship between them and
the hidden layer is determined. Weight between the input and hidden units determines when to activate a hidden unit.

3) output layer: output units performance due to hidden units and depending on activities based on the weight of the
connection between the hidden and output units.

Output layer Hidden layer Input layei]

Hgng

Figure 1. Simple artificial neural networks with a hidden layer
In order to design an artificial neural network is done the following steps:

According to the artificial neural network is based on data, data preparation is a critical step and the key to success in
using neural networks. Principally using data as raw reduce speed and the accuracy of the neural network. In order to
avoid such a case, as well as to equal the value of data in the network will be normalized (Soltani et al., 2010) a variety
of methods are used to normalize the data is a common method as follows.

y = 0.8 x —_Zmin_ g4
max — Xmin
Where y is normal value of the parameter, x;the actual value of each parameter, x,.the highest value and x,;,the
lowest value is desired.

2) Select the three categories of training data, validation and test for a variety of models used:

In order to network correct training and prevent problems such as network saturation and weight meaningless, typically
20% of the data for validation, 10% for the test and 70% for training network used. But in some cases can be
experimentally and by changing the ratio achieved the better results.

7. Genetic Algorithms

Genetic algorithms is based on study on intelligent animals natural reproduction that the results in the production
process such as natural beings reproduction for participating and match it with the design of intelligent systems have
been used. Genetic algorithms are computationally simple and a research and efficient search in different areas could to
solve the problem.

This is a reasonable approach that crosses a set of sample groups (populations) given the scope of the problem, selected
and maintained. For example, optimization of some of these populations using the theory of stochastic assessment
so-called genetic operators manipulated and evaluated. Each iterations with accordance to the production of the first
population in the population and the new generation was looking for the right solution and assessment practice based on
good values and superior by comparing the new population that has been done to solve the previous groups. Using
genetic operator’s reproduction is done to make decent income.

Assessment of natural system of organism’s reproduction, it follows that the beginning of life is based on the structural
arrangement of chromosomes. Relationship between chromosome and combination structure function is a natural
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selection. Genetic algorithms design variables, or properties that are uniquely expressed in a regular series are collected.
Each design variables or the same set of genes as a string variable with the concept of chromosomes in normal life
matched. Genes are smallest components of chromosomes and chromosomes are representative of an individual in the
population. In the world of numbers and calculations any number is a member of the population and the smallest
elements that can make up a number, are category 0 and 1 (bits). Fields 0 and 1 are so found which represents the width
of changes in the scope of problem-solving and assessment tools are optimized by function. Following the general trend
genetic algorithm based on Figure 2 examined.

Initial population Member's Fitness -

'

Parent Selection

Next Generation Member

Generation of Children
by Combination Mutation

Figure 2. Overview of genetic algorithms
8. Components of Genetic

Genetic factors are entities which regulate the performance of the genetic algorithm and do it better and help account
and are as follows: Number of population, rate of cross-operator and sudden mutation rate

9. Population

The size of population in the performance of the algorithm is effective. If we have a small population in a poor
performance would not be an issue covered all possible space and looked at a large population is due to cover more
space and the early resolution of convergence in the local limited and prevented.

While large population requires further evaluation in its production and consequently speed up the convergence rate
slows.

9.1 Rate of Cross-Operator (C)

Rates of cross-operator are crucial component determining cross performance. In every generation a new population,
the number of C*N series consider changes in cross performance. Higher rate of cross operator means that the new
fields will enter more quickly population if the rate of cross performance is too high, remove the strings faster than
selection for recovery is done and conversely, the lack of this amount leads to a stasis that is responsible for reducing
the rate of identification.

9.2 Sudden Mutation Rate (M)

Sudden mutation rate is likely to change something that the state of each bit of each discipline in a new population after
each stage selected. The second stage is essentially a search function that increases the diversity in the population.
Almost abruptly jumps to the value of M*N*L in any production L is the length of the string.

M avoid any situation that bit stay in a certain amount while the increase may be searching for something more
effective.

Figure 3 shows the cycle of basic genetic algorithm
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Figure 3. Basis cycle of genetic algorithms
10. Parallel Processing for Robots Control

In computer animation and physical simulation, can impose extreme loads on processing hardware. Motion dynamics
and collision detection for complex environments on mobile robots need to interaction with each other and the objects
surrounding them can be the most computationally intensive stage of the production process of an animation sequence.

Methods for decreasing the time spent on such activities must be a major priority if future requirements for complex,
interactive scenes are met.

Distributed high-level robot control systems make use of functional parallelism by dividing the system into functionally
different modules that run on different processing. A system with high efficiency can be achieved by concentrating on
large and efficient software blocks with little inter-modular communication.
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Cell - High level Graphical
configuration cell control user
component component mterface
Interconnection unit
Functional Functional Functional
component component component
1 2 n

Figure 4. Concept of parallel robot control structure consisting of multiple components and an interconnection unit
11. Parallel Architecture

Before discussing parallel control architecture, it is important to explain what control architecture is. According to (Dilts
et al., 1991), control architecture makes a control system from control components. The architecture determines the
interrelationships between the components and the mechanisms for coordination. Requirements on robot control
architecture can be described from a general point of view, for manufacturing systems, and for software architectures of
robot control. Important requirements from the parallel processing point of view are required to attend flexibility. The
goal of system concept provide scalable and flexible high level robot control architecture for a complex manipulation
task in a 3D virtual environment with real time adaptive reaction. In order to provide high efficiency, our system is
divided into subsystems with different functionality that may run on different processing and communicate by an
efficient message passing protocol.
A subsystem is also called a component. A component implements a set of related functions and can either be a physical
or a logical component. Logical components run as different processes in order to have the possibility to run them on
different processing for higher efficiency. Additionally, a component process can be parallelized at the algorithm level
like automatic motion and decision control.

Step 1: Process sensing

Robot 1: sense the 3D environiment

Robot 2: sense the 3D environiment

Robot n: sense the 3D environment
Step 2: Get response
Robot 1: calculate response

Robot 2: calculate response

Robot n: calculate response

Figure 5. Processes of sensing and reacting in parallel with the environment

Processing demands could increase extremely rapidly for the physical simulation of mobile robots when using computer
animation. Especially for the automation of robotics systems, which are characterized as systems composed of several
functional modules, the use of methods for decreasing the operation time is more important. After identifying each
functional module, the parallelization of such complex systems is an intensive field in computer science, even with an
increasing level of processing power and memory capacity.

For our problem the same approach was used based on such concepts, considering the complexity of the scenery under
study.
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Hence whole complex system divided into smaller functional parts, enables faster management and implementation,
providing an architecture which is easier to test and to verify the robustness of each module. Afterwards such an
approach seems to be a more suitable architecture for modeling robotics animation in computer graphics. To improve
the simulator performance not only the systems were projected to run in parallel but also we have taken care to
minimize as much as possible the intercommunication among the different modules to improve in the performance of
the system.

12. Proposed Control Design

In this section distinct aspects of the main techniques required to achieve a successful nano-planning system design for
a nano-robot model and testing the reliability of an adaptive behavior under diverse circumstances as a robust agent
examined. It also shows the required architecture for a 3D visualization in real time. A new approach, using advanced
graphics simulations for the problem of nano-assembly automation and its application in medicine with concepts
derived from mobile robotics, is discussed.

Therefore study focus on dynamic control for nano-robot optimal performance as a suitable way to achieve a large
range of tasks and biomolecular manipulation in a dynamic environment. In our described workspace representing a
simplification of the human body, the nano-robot performs a pre-established set of tasks building nutrient molecules.
Hence we discuss the main aspects in successful nano-robotics control modeling, proposing the main concepts required
for development of molecular systems design.

13. Virtual Environment

Molecular machine systems could be described as a system capable of performing molecular manufacturing on an
atomic scale. Regarding to nano-robotics control, computation is relatively cheap for macro-scale robotic actuators
while arm motion is relatively cheap for nano-scale robotic actuators. So the computer control of arm path is the
appropriate paradigm for macro-scale robots, but not for nano-scale robots. For nano-scale robots, the appropriate
control is often path trial and error, also known as sensor based motion control (Cavalcanti et al., 2007).

»NANOMEDICINE‘- NANOROBOTIC AUTOMATION /by A
/ - ’

organ inlets

Figure 6. Top camera view in the virtual environment

Virtual reality was used for nano-robot design where the use of macro and micro-robotics concepts is considered as a
practical approach and then we focused on the theoretical and practical aspects. Virtual environment in the study is
inhabited by nano-robots, biomolecules, obstacles, and organ inlets. Each nano-robot measures 650 nm in length and
160 nm in diameter. The biomolecule has a diameter of 10 nm and each obstacle has a diameter of 120 nm. The organ
inlets are 400 nm in height and width with inlet orifices 720 nm in diameter. Top camera view can also see in virtual
environment (Figure 6).
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NANDMEDICINE NANOROBOTIC AUTOMATION =181 %

contact sensor{molecular sortifig-rotors =

|1 -

\ / V fins

acoustic sensors

Figure 7. Molecular identification through collision contacts

Therefore a suitable starting point for hypotheses formulations and assembly system automation experiments was to
consider the nano-robot design derived from biology and comprised of some basic nano-scale components such as

molecular sorting rotors (Figure 6); to distinguish molecule types, molecular sorting rotor presents a series of
chemotactic sensors.

*NANOMEDICINE NANOROBOTIC AUTOMATION

Figure 8. Robot avoid obstacle, sensing obstacles
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‘NANOMEDICINE - NANOROBOTIC AUTOMATION /by [ =18] x|

Figure 9. Robot avoid obstacle, finding path

Nano-actuator will be carried inside the nano-robot, and the nano-robot pushes the assembled molecule to the delivery
point. The obstacles will be located in unknown probabilistic positions and the nano-robot has to avoid any collision
with possible obstacles (Figures7 and 8).

Thus the delivery positions represent organ inlets and requiring proteins to be injected by the nano-robot in a well-known
position, injection should be performed at time t. They will change their delivery orifice’s colors and making it open or
closed. Thus assembled molecules are delivered to specific locations by a nano-robot’s at 2 micron 2 and embedded at
appropriate spatial intervals across the organ inlets orifice, which will be open and be closed automatically within the
nano-robot’s delivery. The assembled molecule can be pumped by the molecular sorting rotors in 10 seconds.

iNANOMEDICINE - NANOROBOTIC AUTOMATION /by

Figure 10. Nano-robots sensor, back view
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NANOMEDICINE - NANOROBOTIC AUTOMATION Zby 18] x|

Figure 11. Nano-robot molecule delivery to the organ inlet

The development of a control model and the design of nano-robot automation have been described emphasizing the
necessity to attain flexibility and robustness at the same time for any intelligent nano-molecular system prototyping, in
relation to many aspects of the nano-worlds. The control model will be required to perform molecular manufacturing at
nano-scale, which is even more evident for the specific problem that we are focusing on, that is related to the
application of nano-robots in nano-medicine.

14. Conclusion

In the control model the most suitable method regarding the main aspects of adaptability, considering evolutionary and
learning concepts, through the use of algorithms that are most applicable to complex problems, used. Moreover, the
advantage of approach is to provide a modular behavior for the nano-robot, where the nano-robot is required to react in a
well- way with the events that came up from the surrounding uncertain 3D environment. For such a goal the sensor-based
concept, also known as position perception was used. The simulator implementation has required a higher performance.

The use of computer graphics for the design of the model has significantly helped understanding of many of those aspects
related to nano-scale modeling. The main expected requisites for a representation of kinematics aspects at nano-scales were
specified. Furthermore the follow-up and theoretical considerations, as well as numerical simulations and experimentation
at nano-scale could be very hard, and even more so, to be designed and modeled, without the use of computer graphics.

Thus, the main prerequisite and techniques due to theoretical and practical characteristics and new paradigms for the
development of control models applied and new field of nano-robotics created, and considered and discussed. We
expect that the design approach presented here could serve as a framework for further studies on the field of
nano-systems control design for mobile nano-robotics automation.
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