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* Adherent Cell



o sk 3131 28 > 5,105 55g SUISel (yl lae glo sl (6l Lol ciens] o0 dpend ooen
@ &,5 el 3l slaJlo )0 -[\\C]N;gf Sobe Bo,yp a8 Clitse £ 2ol o Gleo
sladsbe 4 ( Sslogil ok 3255w [10] sl 425 3550 Sl bl I s (!
slodsbe JSie J jsliie 4 Jo ol g0l olasi )l L5 (sledazey slaan] b 4 [1#] 5la
Blao slaobo b wis S oolitul ploosd 5 (Sl (lgd 5l by, (nl 5l (cam ad 7 5lae (3las

[YV]asS el 095 5% o,

05 0l 45l @il 3l (sla sk DB e (51085 (61 (Slabong Koo (ko o
Lo Jsks gy ol om0 18 ol lSe Sy ) Jskes jo & U S | S Sy L
5 %zl axmio 55, 1) sk (b > cpl o [YA]w0 S o b (JUI 0ji> (laa )
Condge (6550, Y 5 X sliwl) )0 0aiiS 5,5 oS e 0900 (5 Il azio LD IS o
Collae (55,5 615, 4 puilagel S5 SeS a4 7 glinly o S S e b 1) osllae
G 1) gym g Cumdge J5US lgien emme dw ja sliuly 50 Dyl 4 V]850 0
g 695 0 5 Jobo a Jlael (59,8 S 0 &8> Tl 390 S @ Jfys asmis [V Joges
O Ohge Jokw o)lens 53,5 g sl 3 G Jle (sl el Dglite ¢ sk G b il
[V Flecl ogliie ygiguig oo Voo BV -
an ) e (pl Ceol odalice LB Jole 50y el i, (V) JSG 0
DC ;590 S b aS conl B9 Y X Jolis oo amio [YV]oih oo ooliiul 5,90 WolKiole;]

Joo Joho @ 0auS 3,5 Glye @ 7 jemme )3 0dd el pb (g S 09,5 o0 sl

4 5985 (sl p3¥ Jloel 9,5 [V ]l jag,Sa Av oo e 090 10 Vgomo Lo Johos yhab .05 o

! Suction
? Channel
* Stepper Motor



5l 5 s e 4 5 95,5 Gy el Osis S 3 slesl S 58 Jsbo JSIs
oS oo iy 25 |, O = XY Z Slaides jemme 2l ol jo [YV]acsl Y6 Cds l)ls b jgucn
I3 2 jeme sliwly o], Sl piacaws 0gd 0 00l 1,3 Jf50 s 1S 06 ;0 O &S Oja0 pl
297 Og R dpad (p 90 )SJ“’ ° Oc‘\s o Oc _XcYch O=9° Slala Pl ‘5)"5(5'°

ok B2 e oS (V=) IS

@ Jloel o JrS m celin alaly So (Sl (Jobo B2y pulagel 58T ) 0

s (2L e 380 g Cnyo (sile o [V]ss 5 Ole 0uiiS &5 Coadge g Joke
sk i lp oo (Sl Joo o dil)]amo oo (lB (2 JB Ol 4], S
So Crlplie 09h Ole Codly 4 oo (5wl by Joke K8 s B ogd o0 o
ol e [V ]aes o las 1) eaisS S cnlie o5 (Joko b Goles alais o conlio Jlec!
03,5 Cuoglio 555 Jlash plyn ;5 7 jomme il po Jshes w055 o)y (Jobos slid aSST 51 J3 el

b oo JSKb s g

! Sensor



(S @555 w3l 98 7 i Y-
IS sl Gy el (gomanss BB oS JS Ay 50 by, 90 4 by g9 JS
IS sy o wibes [YO]' S5 omicandse U8 pes (ogy 5 [YF] il
Ol 50 Dgdge e gy J S slad g Cumdge > g0 0 IS (lad (oS 5 (69 il Cundsa
[YP]ass Jleel oss cpnd o 0 |y catiiin Go,m B ojls 1) cpl el Sl (s ymme (oo,
el 0 b J5S mpe Dyge 4 Jlesl (5958 5 Gl e Djgo 4 g8 S b,
B (50,5 g el hwg alle Do 4 gy S5 g Cesdee S I
JrS BB e plas g olyT e8> s g0y JiS wi oSl SO abewy 4 [YV]b oo
(ool abals )5 Jlesl (5955 5 CamBge G wglhe (Selns dhal, S Gl ST !

[Yfloss o oo

B lge axio 3290 b o Jlais 00 sla sk 5l diws SO ok &5 anlB ggyh o

O 00,5 bul> 0g5 86 ;0 wiloaalice bl Cafwg oo b aS | by Joloo s .2590 o0 0010
A5 3550 Y g X edgazme 5l gl Cewl (Ses 0aiiS )35 Ol il jo i (Fuwyd SuaBoe
) Gy el Ojganl o e Gl poSe 5 csaline LB Gujes ey a5 sl
5 )90 SeS A 0uiiS 3,5 S pl U oeeiS o0 Coloe 7 bl jo lai 5590 00gue
o520 a4 o)l 0l 55 (Joko (28,5 518 e @ az g b o 51 ey 0g 00nd 298ing Soe
sl L) oslhe Cusdse (6559, (Gl e (pl o 0ainS J S s e Su03 Jobe

D ¥lssls i Suil

o 43 395 adgl Comdge 3| 80,5 10l Jgl aloye j0 a5 el Ojg0 pl @ 8,5 J>ie

5 dled o0 0595 1 Jokw 0)lg0 b oaisS 5,5 Cond () jo i ES > Swyo 4 Jok o)l

' Hybrid



o onl 5o 09d Colaa Sk 3500 S a4 Joho o)lnas 5l (Sl oS 8,5 pes al> e
5 09 o (Jokw olaz ol o)l Cuels Ale o ol o lo 1) 095 Jlade p yiion 00ilS (B, Sy
2L sk (S5 b Jske 0 5300 ol 5l a8 0l (ol @5 4 ey Gl L al> e )]

DY]oss 65 gle 05t Joboo S po 4 ynie o5 L]

sne 2l 4 G5l g 008 0 3,5 sk 4 ol 4 olerd oole am al> e o

Sy 0,550 5l S Jeke G 0 DF]aS e (b s 5l o5 @l |y 05 oSl
Lo 4 005 8,55 G Sl (295 @ 5 d9S e Pl Cusdse S LS (Jolu L oaisS 5,5
b ol abge 0asS JyuS (Joko a4y oS 5,5 Sg (mlad lam 005 0d Jlesl (S b
[YALssloy (3L oo g 0035 Gy 5l o Jskes B 053 Jlael Jsho 42 525 (g0 5 sl (59500

DS (0 Oy aliBie glabinl) )0 Hlojen jobo gy g Cumdge J S Sl opl jo

I P 33 3 3 i Aisl (w92 ¥
Olore 4 ) el gyl By &S ok Gay5 9l 5 able e 9 sl 5 S Ol s
@ By Sl CamBye S50 Sl el (ol 50 0903 (Byre (S ple l azll cpl o Lol ou
Widg g o] a5 JiS oo ole g, 5l 0y90 ren o .[Y‘\]g;wl oa oolaiwl hge 4o
5 oud ealizl ol 5,5 le o o8 [¥V] i o S8 5 [10] lizesl S5 asilen

Ll 00305 Jol> o953 il

s ooliiul 005y Jsho S35 4 395 sl o ol aedass alai Caadge JuS L Ses b, 5
OOy el Codbge Ladeis Gja8 wind ahi loe 4 bl cunl 5w SIS Slls Joe oyl

Cusdge [0S 5l Ko sldlie o (sole by en g0 .[Y‘Y]a)b.; Iy Jobw @ 5,5 Oldes

! Admittance
? Set point



oolaiwl yhge Jokw ;0 DNA atise Slibl 4y jlai o 50 olewd oole 35,5 slp (oln p i
Ol a8 5 IS 4 eaiiS 5,5 Se 8o 56 Ladkid lp olis peew Sl ol o 0l

[rr]eclis Gl a1y 093 Collas ol)5 (g5luared Coond 1o 525 b,

\‘)-.’} Bl o sleshe 855 lp (SOl Al ()5 pheew SO 3 ol o

s bagi 5 3)50 B Cunadge lyie 4 padlygion 3550 o ol 53 b 03l dnwgs
" st JISGE slis 00iiS ST S5 Sl B, 5 ] 6l g b edls 1B 6 gnslS ol
2 STy ss Cudge 555 p e Jobo Bo3p g0 Slinkos ol [YFo0 S e ool
G5 3 om ok a8 canl (T B0 ol By 4z STl (JiS (Jeke poes)ly (950

[¥o]ow 5 slasas Johw a5 iles Ul g 00

Ly Joe 5l Jobw (giluaned jolaie o Jolo 82)55 a5 uilogael J 508 a0 sl

ey el e gl e s, 5l allie l o el s ooliiul pemel 5
JiSs Syso 4 a5 ol oy b peiie oy, ol 5o wsllas (595 ol o0 onliiul atuss
Geizs 5o JAlaS oo olo ) Uiy ol cilis bl (5ilodncd gl 50,5 oo dmnd locad
2 b,y Sl l e s S Gie AT Sjge a9y S Goe b Jsle 5155 6,0
Gy oBalel o b el oliws BB il Y ax s glalezaizr 5l a5 Collae 5o,

[V ]ass oo olas 1y (g, opl wgllas o)l a5 0 (g3lwosly ¢ Joko

> ol yo cel oljen (ol OMCew b Joko 53,5 pde o (o b e (5958 J S

Jolw (B g laome CoaBge (umel (Ol Jow (gumeb bog sl o oS 8,5 Come g B0

! Zebra fish

? Cytoplasm

*PID

* Uncertainty

> Ramp

® Quadratic Polynomial
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Abstract

This thesis discusses about the designing of the Optimal Force-Impedance Controller in
SCARA Robot arm with the aim of cell injection using Voltage Control Strategy. In the
cell injection system, the Injector via fine needle, injects the materials into the cells.
This thesis proposes employing SCARA Robot with injection tool and includes ability
for desired tracking and also applying of time-varying force. In recent articles the
control injects to the rotating plate of Cells and therefore causes the damaging risk for
cells. The purpose of this thesis is the system is fixed plate and to improve the success
full, the robot is controlled. This thesis describes the impedance model of the robot
based on Thevenin method and the parameters of environmental models are estimated
via nonlinear proposed models and by using the recursive method, the minimum of
squares errors will be optimal. In all recent studies of cell injection systems, the
impedance control are based on torque control method and the purpose of this article is
applying the impedance control using voltage control strategy. According to the
nonlinear and also multivariate model of robot, to overcome uncertainty subjects the
Robust and adaptive controller methods are proposed and because of to be free of robot
model, the designing of phase controllers are more efficient. In the proposed method,
the stability of the control system is guaranteed and it will be shown. To solve the
problem of how to select the coefficients of impedance model to implementation the
optimal force in to the tested cells, a fuzzy system included adaptive system is designed.
These systems consecutively estimate the parameters for the impedance robot model
and also the environmental models. Results of the simulation demonstrate the desired

performance of the proposed method.

Keywords: impedance control, voltage control strategy, cell injection robot, fuzzy

systems, estimating the parameters of the impedance model
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