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Abstract: In this paper some path planning algorithms arectiég for Hydro-MiNa robot motions in mi-
cro and nano technological environments. This jzag of a project for creation of human-machine in-
terface with force feedback for handling of micmdanano objects. The main purpose of path planning
algorithms using here is to increase the abilitythaf tele-operator to rich its targets at the stagperat-

ing by the robot Hydro-MiNa. Due to very small sizd the investigated objects the exact operater ac
tions are with full significant for decreasing thastakes and improving the speed and accuracyeof th
operations. To reach the solution of path planriagk the Voronoi Diagrams method is utilized beeaus

although it is very old and well known algorithnhés been proven itself as a very effective onis. M-
thod is combined with A-Star algorithm for searchihe shortest path from current operator position
the object and optimize it in order to avoid masstacles occurred on the stage.
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1. INTRODUCTION

Nanotechnologies have emerged as a new frontier

the science and technologies. The advantage of-nan
technologies is that we are working on the molecula

level atom by atom and it is possible to creatgdastruc-
tures and devices with very different molecularamiga-
tion and characteristics. Therefore, nano-techrietog
have a large influence in different science spheres

To achieve cost effectiveness in nanotechnoloigies
is important to automate actions in nano scale. arig-
neers need to construct robots which manipulatesimo
scale. On one side researches are for understanding
physical and chemical interactions in nano wortd] an
the other side it is important to be constructed nays,

the operator feel himself as closer to the nanddas he

.can investigate it free and comfortable. Therefioree
Beedback devices with haptic human-machine interfac
%re using for researches.

Nano objects show different mechanics from macro
sized objects. For example, adhesive surface faloes
minate over inertial forces at nano-scale. In addljt
there are non-contact forces such as Van der Weals,
pillary, and electrostatic forces [2]. When workiido
nano world crucial the accuracy of the actions 'aekil-
ity" of the stage. Although all measures taken wites-
sarily encounters obstacles at the working aretiepes
of dust or other nano particles. If motion of praieis
not enough carefully it may has been broken or rothe

new controls and sensing technologies and humanparticles would adhere to its surface and it wihfuse

machine interfaces in nano world.

The best solution is if the operator can work® int
nano world as he works into macro world. Howevergh
are lots of different force interactions and phgkiews
into nano world that have to be taken into consitien
during the tasks in nano-environment [1].

Virtual Reality technologies (VR) afford an oppert
nity to the scientists to expand their abilitiessense and
manipulations into the nano world. The main purpisse
that all object manipulation actions -positionimgsem-
bling, grip, release, adjust, fix-in-place, pushll gtc. in

the operators work.

At the nanoscale, tasks are defined as convemtiona
ones such as positioning, assembling, grip, releade
just, fix-in-place, push, pull, and so forth of mdual n-
objects [3]. All these tasks should be done flueotter
each of nano objects at the stage. Therefore thdé-ma
mum accuracy of operator motion is very important.
While the probe tip is working into the nano enwincent
and is passing between nano objects it has to be do
very carefully. On the one hand so as not to enmoun
any unwanted particles, and the other the opetatbe

macro world to be given up to the operator when heable to operate with the studied object in the rpostise

works into nano-environment.

VR is a 3D computer simulation of the studied stag
where the operator may operate like he is intonieo
world. The limitations into nano-environment hagebe
translated correctly into the Virtual Reality scese that

" Corresponding author: acad. G. Bonchev St., Blotk43 Sofia,
Tel.: +359-2-8706264

Fax: +359-2-8707498

E-mail addressdaniel.penchev@gmail.cof®. Penchev)

and efficient manner. Therefore the process ofttiod
path planning in the scene and the subsequent arobv
the operator to the target are very critical. la turrent
article we will examine various proposals for ausioin
to this problem. We are based on specific task lis ce
injecting with micro needle. We are using a foreed-
back joystick for control of needle stick motion.

The specific problem that should be resolved #& ju
helping the operator to reach the sites of injeciitto
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the nano environment and ensure accuracy duriegsel
ing the cell. The technological dimensions of thebe
tip are so small that if you do not specify the langnd
intensity of pressure at puncture, not operation ba
performed and the needle will break itself. Funthere,

as mentioned above and because of the inabilifyrde
vide sterile environments for the staging the pidut
will be guided needle should be maximal accuraté an
"safe".

2. MECHANICAL MODEL OF FORCE
INTERACTIONS IN NANO ENVIRONMENT

Before considering the algorithm of path-planniog
research it is important to describe the forcesveeh
particles into the nano environment.
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Fig. 2. Tip — nano object — stage model.

It is easy to give a prove that the adhesive folees

There are three major forces models into the naro e tween the probe tip and stage and between the pipbe

vironment:
model of non-contact forces interaction is similar
than the model of contact forces interaction. Aaugd
to the notations in Fig. 1, the forcBta andFtr are

respectively the adhesive force between the tip and

the nano object and repulsive force over the object
Fsr, FsaandFsf are the forces which describe the in-

teraction between nano object and surface of the

stage. The friction force Bsf while Fsr is the reflec-
tion force between the surface and the objestis
the adhesive force that is available in nanowartd-i
ractions.

particles are in continuous contact with the enviro
ment where they are located, so the forces ofidrict
and contact forces have to be considered.

force interactions should to be investigated t@able

to show the stable stage of the model.

The force interactions models in the nano environ-
ment are shown in Fig. 2. The marked forces ar®las
low: a — adhesivef — frictional,r — repulsive. The forces
applied to the tip should be balanced by the nofforae
Fl and the lateral forcEz which becomes from the tip
hook [2]. The balanced tip has conditions Fgand Fl
directions and using the Newton laws for statis ieasy
to determine:

Fl = Ftsr—-Ftsa. (1)

()

Fz = Fta— Ftr + Fsf

T
~ Fsa

Fig. 1. Probe tip — nano object.

and the nano object so and between the nano cojelct

Probe tip — nano object (shown on the Fig. 1.) Thethe stageKtsa, Fta, Fna) are depends on the area of the

nano object and the tig\(s Ats, Atn) [2]:

FlA
F A ©
Fulh

Fo A @

3. STRATEGY IN NANO MANIPULATIONS

We may assume that motions into the nano world are

Nano object — substrate— during manipulations thesjmilar to the motions into the macro world, butefipath

planning of movement and sequence of actions dtie cr
cal into the nano environment. Movement and opamati
in nano world are difficult reversible, it meanstfit is

Probe tip and substrate — contact and non-contacgifficult to reach the nano object to operate Wit and

then release him from the needle or the grippee ddh
hesive force between the needle and nano objectohas
be neglected small compared with the forces of sidhe
between particle and surface and the gravity fotte.
means that exactly choosing of the angle at whigh t
tool approaches the cell, and exact define the imay
which the operator will move through the joystickthw
force feedback. During this motion the operatorustho
be able to around all obstacles in the nano enmigont -
dust, organic particles or other cells that are aigects
of examination at the moment.

To perform correctly and safely obtain the desired
nano-object and injecting it must perform the foliog
steps:

Display calibration — software should take the dime
sions of the particular working stage in order tted-
mine the starting position of the probe tip and plee-
missible scope of operation.

Object recognition — as mentioned above the opera-
tion stage in nano world may not be enough stesibeit
has to be determinate which sites are useful andhwh
sites are targeted by the operator and which ahthee
not useful from the microscope picture. This stap be
done by several different manners. By predefining t
criteria for target objects in the software we @aply
any of the algorithms for pattern recognition ahdstbe
useful in separating useful and none useful ohjdtis
not very accurate method and it is straight dependbe
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Fig. 3. Hydro-MiNa control panel with objects and obstgmbénts.

quality of the microscope picture and it is straigle-
pends on the exactly definitions of the target obgzite-
ria [7].

So the operator role is become like the role ofrtioe
torman of the train — controlling and motion sugpor
When the manipulation over the target nano object

The scenario of the Hydro-Mina Robot control panel has be done, the probe tip will move to the nejectiby

with the glass pipette and some micro object acavsh
on Fig. 3.

The large black circles are the target objects.offit
er smaller sports are the obstacle points whichaipe
has to avoid during the operation with robot. Objec-
ognition for objects in the Fig. 3 may be realizedopti-
cal contrast between the objects and the envirohnAan
we can see, target objects are more dramatic plaard
has more depth color than all other objects. Itlransed
in order to determine the borders of the targeectsj—
these are the points where there are major diffeeif
color depth between pixel regions.

Control panel lets operator to move the probe tip o
the left-right or up-down directions by clickingrtiaular
buttons. Also it allows the view point on the stagebe
changed so that picture can be moved to four dinest
The probe tip can rich the first object withoutuides
but to rich the second one is more difficult. Itrige be-
cause there are some obstacles between two oHjests.
ing discrete movement of the tip (step by step @ach
step has exact direction according ¥p&¥ axes) it is very
important to select the correct path.

the same algorithm.

4. PATH PLANNING

The goal of path planning task is to generate afket
paths for nano objects reaching while the ruleghef
maximal distance to the objects which are potemtial
stacles of the research in order to avoid collisiand
other adhesive forces caused by nano mechaniced@ha
teristics of the objects. A collision appears witiea par-
ticles are arranged into the nano environment that
straint circles intersect or touch.

The method that we are applied consist severasstep
Pre-recognized studied objects and obstacle obgrets
enclosed with virtual circles. The center of eathble is
the particular object. The radii of circles are timait of
adhesive forces for the particular nano object. iHubus
of these circles should be large enough so that idpe
nore the adhesive forces between nano objectsraalll s
enough not to cause collisions or intersectionwaf br
more protected areas. These are the limits of meném
tractors must cross. One of the important task$ndur
this stage is to evaluate the vector and the valulhe-

Path Planning — during this stage we have to db patsive forces for each nano object into the enviramiri€o

planning from the starting position of the prolgett the
target object with some of the motion planningecépry
algorithms. This is one of the most important stfjise

do it should be used an Atomic Forces Microscope
(ATM) or other visual interface with force feedbdé}.
Other method for adhesive forces evaluation is dase

main purpose is to prepare the environment as df th the potential area of interaction between objeats its

probe tip will reach the target automatically bgelif.
When the operator begin movement to the objedtef t
motion diverts away from the pre-calculated trajegt
the human interface device force feedbackstdp it.

nano mechanical models [9].

Now we have to determine our targets. It may be
done by operator actions for example by mouse ioick
on the virtual objects and remember the coordinanels
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Fig. 4. Cell injection forces.

sequence of each chosen nano object. This stemwill
timize the follow steps of path planning becauseanse
not interested in all possible paths between objbctt
we are interested in the paths to the targets only.
Because the main goal of the project is to peretrat
the cell membrane without object destruction, drget
selection is not only object selection but alsopbat of
injection and the angle of injection that are vanpor-
tant components. As it is shown on the Fig. 4,ahgle
of injections is very important.
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regenerate a new Voronoi's diagram with new po&bnti
paths. Next start the simulation again until thare no
collisions on the stage.

The second approach is to use the same diagram but
to use other no so optimal path for target reaching
more useful approach because the generation ofrdoro
diagram is harder and no so optimal decision. Algitd-
ing of diagram uses optimal algorithms and it isreno
rarely to generate different one.

The third approach is to reorder the nano objetts a
the stage in order to free the paths. This is thetmiffi-
cult method and there are a lot of recalculatioitkimvit.

We have to discover the optimal paths of movemadt a
optimal sequence of actions, so that their physmath-
ing to be avoided. As we discussed at the partapion
mechanical force interactions model, because obthe
adhesive forces if two or more nano objects stapesr
by each other that adhesive forces interaction®roec
bigger than frictional forces and repulsive foroésnte-
raction between object and stage, they will stiok by
other. The mechanical and quality characteristicthe
researched object would be changed in this sitnatio
wouldn’t be done.

After successfully simulation test done, it comies t
moment of real operator actions.

We couldn't rely absolutely of the force feedback
during the real operator motion through the gemerat
paths. They should keep the probe tip at the path b

The needle has to get over the surface forces preghere is mechanical moment at the human machiee-int

sured of the cell summarized with force of frictiand
adhesion forces. So if the injection angle is ratect it
couldn’t be done. The point of injection is as imtpat
as the angle. Because the target objects arendgular
shapes the exact point of injection should be disced
and chosen. This is very difficult task for the gier, so
he/she only points the object by the computer satoul
has to compute the exact pint of dipping and nepd&s-
tion in line of the particular object shape. Thask is

face and it should be compensated into the nanédwor
There are lots of compensation algorithms but eafch
them has definitely acceptable error level. Thaigabf
this error level must be absolutely minimized.

One of the possible decisions of the current proble
is to be modeled virtual repulse forces aroundothjects
into the software model of the stage. These foatesn
sphere shapes and the potential obstacle partcgee
the center of these shapes (Fig. 5).

depends on information received from force feedback AS is shown in the picture above the blue circles a

visual device (ATM) and 3D generated model of the o
jects.

Next we generate Voronoi diagrams for all objetts a
the stage. Using this diagram and graph theoryrigihgo
we generate all available paths from the starttjpmsio
each of the target objects. The probe tube willspas
through the optimal path between pre-generatedesirc

The second step is to choose the optimal patheto th
first target nano object. For this purpose we aiagithe
“A Star” algorithm for optimal path choosing. Themee
a lot of algorithms for this but the used one ig ofi the
most perform and quick one. The evaluated pathsvsho
itself on the computer display like fat lines astpaf
Voronoi's diagram.

The operator motion simulation is the next stage.
During this stage the operator does not do anythihgs
is a virtual computer simulation of his/her actiarorder
to determine if some collisions appear at the nama-
ronment. A virtual probe tube passes through theege
ated paths and sequence visits all target objé€btsgoal
is to be discovered eventual collisions which maguo
before begin the real actions.

If some collisions are discovered there are seaal
proaches. The first and the most intuitive apprcaehto

mentioned virtual forces. Red shapes are the patent
obstacles which are defined manually from the dpera
When the probe tip begins its movement across ihe s
face blue spheres keeps it away from the objects.

The shape of these forces is most similar thanrephe
form and center is the particular particle. Theudt re-
pulse forces are generated by the formula below [3]

l_i 1de01
d d

0

P(d) =%>\(

(5)
P(d) =0, d>do,

Mano Ohject

Virtual repulsive
forces

O Dust
&

Fig. 5. Virtual repulsive forces.

Probe Tip
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where:
» d- distance to the particle;

boundary is called Voronoi Edge if it contains mtran
one point [6]. Two points in two different regiomsth

« dy — a positive constant which represents the actiorfommon border are at the same distance from tHisror

distance of the potential;
e )X — aposition scaling factor.

One of the most performance and optimal algoritifons

Voronoi generation diagram V(s) of set of points is

The vector of virtual repulsive force is defined as hamed “Divide and Conquer” [6]. The essential prt

negative gradient of the function:

Fo, =-0P,,. (6)

5. VORONOI'S DIAGRAMS

this algorithm is to generate a vector tat sepaaatet of
points into two different subsets V(L) and V(R)s®wn
in Fig. 7. The count of points in each of this stbis
similar. The next step is to separate each of ssiis®
two different subsets and using this recourse #lgarto
separate all the initial set of points on one-pasuibsets.

Let's have a set space S and any number of points @t defines a Voronoi's diagram.

Voronoi diagram is such a division of space S, dath
piece subspace has exactly one point of the sé1.Q [

An example of Voronoi's diagram is shown in Fig. 6.
The objects are marked as black points and theebsrd

between particular surfaces are black lines arotined
points. Each point is at the same destination fthm
border as the neighbor point from the other sidé¢hef
border. This is one of the most important charastierof
the Voronoi's diagram.

Two half-planes of the Voronoi have common border.

Different Voronoi regions are disjoint. Tbemmon

Fig. 6. A Voronoi diagram.

1 B(LR)

Fig. 7.Split V(s) into V(L) and V(R).

6. ASTAR ALGORITHM

Navigating a terrain and finding the shortest gath
Goal location is one of the fundamental problempath
planning [10]. There are a lot of algorithms whadive
this problem but the AStar algorithm is one of thest
used ant one of the post optimal one.

We show one of its implementation in Fig. 8.

Let's have a stage with a goal — read circle in Big
and operator (the blue square). The operator hesatrh
to the red object passing the optimal path. Thelkbla
spots are obstacles and the operator hasn't step ov
them. The stage is separated into squares and eve ar
computing the nearest distance to the goal at eagh
step. The operator goes to the square that is stetre
this distance.

The movement of the operator to B4 point hasn‘t sit
uation in which we have to do any choice. Theretare
possible paths from B4 point. Now we compute the di
tance to the goal and evaluate the smallest valogbe
shortest distance. It is through the C3 cell in sitma-
tion.

Using the current algorithm with the shown in Fig.
scheme we will reach to the D1 cell on the firstnpo-
ting time. But it isn’t possible to reach the gtlalough
this cell. It is so called a “dead end” situatiddow we
come one step back and do new computing to determin
a new cell which is nearest to the goal. The previcell
we mark as locked.

Also we found that the correct path is:-AAL -
B3-.C4-D3.

We have done on optimization of the current algo-
rithm. We present the stage as a tree. The rothiadfree
is the operator — this is a starting point. Each isea
node of the tree. Each node has a weight parameter
which is the distance between particular node dmed t
goal. Beginning with reverse computing — from ttoalg
to the start position we evaluate weights of dlsc& he

Fig. 8. A Star algorithm start point.
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4 the algorithm of path planning and involve it intiee
. N process of operating in nano environment.
3 7 . '""'x.\\ In this paper we show some problems during nano
[ 4 environment operations but it does not touch upern3D
2 . N presentation of the stage. The third dimensionctdfe
\ used algorithms and approaches. There are different
| means of third dimension compensation (Z-
1 . Compensation), but this is the goal of our nexktga3he
software simulation of the Virtual Environment dfet
A B C D stage is one of the future challenges.
Fig. 9. A Star algorithm paths. ACKNOWLEDGEMENTS: The authors gratefully
acknowledge the partially support of the projeceGp
4 . MINT project funded by Bulgarian Science Fund under

. the Contract Nr. DO 0171/16.12.2008.
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