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ABSTRACT

All-In-Focus imaging system has been used to observe microbiclogical
objects. In addition 1o the useful feature of observing a thick microobject
clearly as the whole object is in focus, the system provides the depth
Information of the microohject from whick the object position in z-
direction can be calculated. However, little research that fully utilizes the
depth information of the All-In-Focus imaging system can be found. In
this research, we propose the methods to find the 3D position of both
target microobject and the end-effector when lating the object
using the depth information obtained from the AIF imaging system. The

system is integrated with a two-fingered microhand micromanipulation,

system  aid  automated  pick-ond-place  task is  experimentally
demonstrated to show the effectiveness of the AIF imaging system. The
success rate is over 70% for microabjects from 20 to 100 um which is
promising for developi d micr ipulation system thar can
be widely applied in many biological and life science fields.

TOM TAT

Hé Ihd:ng 1g0 anh toan nét (hé AIF) da dwgc ving dung frong quan sdt cdc
vt the vi mé tir ldu. Ngodi chitc nding wu vigt Ié tao dnh ciia vir thé quan
sdr nhit thé todn bg vt thé déu dupe 1dy nét, hé AIF con cung edp thong
tin chiéu Sdu cua vdt thé gitlp xde dink vi tri cia vaf thé doc theo truc z
hay truc thou kink. Tuy nhién, it nghién cind quan tdm khai thée tink ning
nay. Nghién ciu ndy dé xudt cdc phiong phdp fim vi tri 3D ciig vat thé vi
md va cia ddu mif co cdu chdp hanh ddu cudi tie hé AIF khi cdn phai
thao tdc chiing. HE AIF duge tich hop véi co cdu glp tha microhand ¢6 2
“ngén tay” vix thao tde gdp tha dugc tu djng hia 3 trinh dién tinh khé
dung cia hé AIF. Ti lg 84p tha thanh céng dat trén 70% ddi voi cdc vat
thé c6 kich thede tir 20 den 100 um. Diéu nay chimg 16 hé AIF cd thé
dugc ing dung dé phdt trién cde hé thao tde vt thé vi mé te dong a8 img
dung rng réi trong cdc link vuc sinh hoc va khoa hoc sie sdng.

1 GIO1 THIEU

, Trong céc linh vuc y sinh v& khoa hoc sur
song, viéc quan sit cac vat thé vi mé nho té
bao, vi sinh vat, dugc thuc hién rét thudng

xuyén. Quan sat vién thuomg phai didu chinh
lay nét bang tay va d6i khi phai thye hién
nhiéu lin cho cdc d6i tugng v&i kich c& khac
nhau. C6 nhiéu nghién ciu dé xudt cac gial
thudt lay nét (Groen ef al., 1985; Sun ef al.,
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2004; Mateos-Pérez ef al., 2012) va dé xut
céc tiéu chudn d& chon giai thust phir hop
trong nhiing truémg_hop cu thé (Sun er al,
2004). Puge phat trién tir hg Micro VR camera
(Ohba er al., 2000), hé théng tao inh todn nét
(All- In-Focns i imaging system) dugc phit trién
& quan s&t Cac Vit vi md nhur thé toan thé d6i
tugng cin quan sit duoc lay nét. Ngoai chuc
néng tao anh toan nét, hé théng ‘ndy cbn cung
chp théng tin vé chleu sdu ciia dbi tuong vi da
duge sir dung dé gip tha cic hat microsphere
(Ohara et al., 2004). Tuy nhién, gidi thudt aé
tim vj tri 3D cua d4u cudi co ciu chp hanh
(end-effector tip) ciing nhy céc déi ong cu
thé chira dwgc dé xuit. Hom nita, viée gidm
nhidu trong viéc xac dinh toa d§ Z cua cac vit
thé tir hé AIF chua dugc @ cap t6i.

Bing cach tich hop hé tao anh toén nét (hé
AJIF) v6i co cdu chap hanh dé thao tic cic vit
vi mb va tim vi tri diu mut (tip) cia end-
effector cling nhur vét thé cn thao téc, ta cb
thé thit ké mot hé thao tac cic vét thé vi mé
tur déng, gitp ich cho ¢ic nghién ciru y sinh va
khoa hoc sur séng.

Trong aghién cir ndy, co chu chip hanh
dugc sir dung 13 mot tay gap-tha microhand cé
2 “ngon tay” (mlcroﬁnger) guge tao thanh &r
vigc kéo gifin céc thanh thiy tinh dudi tic
dong cha nhigt 4é diém dau cudi microfinger
6 kich thudc vio khoéng 1 pum. Co ciu
microhand ndy duge chon vi né 6 thé thao tic
céc vt thé vi md mét céch tinh xd0 nhur xoay
céc té bao (Inoue er al., 2008) hay dimg dé do
4% cimg cua t& bao (Kawakami er al., 2010;
Inoue et al., 2006).

Bé kiém tra tinh kha dung cda gidi thudt dé
udt trong nghién cim ndy san khi tich hgp hé
AlIF va hé microhand de 10 thanh mét hé thao
tic tu dong céc vat thé vi mo, thi nghiém gip
tha cic hat microsphere voi kich thudce khac
nhau drge thue hign mdt cich tr dong.

2 TONG QUAN VE HE THONG

2.1 Hé théng tao anh todn nét (All-In-Focus
imaging system)
Hé¢ théng tac anh 1odn nét AIF imaging

system (goi tt [3 hé AIF) dugc phit trién tir he
Micro VR camera (Ohba et al., 2000), bao
gdm mét co chu chip hinh bang gém PZT
(piezo actuator) va thiét bi diéu khién cia
piezo actuator, mdt camera o dd cao (Photron
Focuscope FV-100C) duoc gfin & camera port
cva kinh hién vi va mdt bd xitr [y dé tao anh
todn nét AIF image va &nh cao 4 HEIGHT
image (Hinh 1). Co cdu chép hinh ding dé
thay d6i vi trf ciia vit kinh (objective lens)y
trong khoang 100 pm doc theo truc thdu kink
(optical axis). Bing cach thay d6i vi ui vt
kinh, mat phang tidu diém (focal plane) s& thay
45i hay n6i cach khac vat thé quan sit duge
lay nét & nhimg vi trf khic nhau doc theo truc
thiu kinh. Nhir viy, camera the dp cao co thé
chup anh ciia vét thé voi tic 4§ 1000 anb/gisy
tai nhirng vi trf 1y nét khac nhau doc theo truc
thiu kinh khi hé AIF hoat dgng.

Hinh 2 md ta gidi thujt tao anh todn nét
(goi tit 13 anh AIF). Khi vit kinh duogc dich
chuyén mjt doan SWING , mit loat anh dugc
chup tai nhimg vi trf 1§y nét ]Jén k& ciia vjt thé
cin quan sit. Vi trf ly nét tdt nhit cho timg
diém anh duge xdc dinh bbi tin sb cuc bd cha
cudng d6 séng tai vi tri clia diém anh d6 trong
tit ca céc 4nh chup dugc khi vét kinh dich
chuyén mét doan SWING (Ohba er al., 2003).
P& tao dugc anh AIF trong d6 toin by vt
quan sét déu & nét, 43 sing hay gia tri cia
fimg diém anh (plxel intensity) ciia dnh AIF
dugc Iy tir anh c6 vi tri 1y nét the nhét 46i véi
dlem anh d6 trong loat anh dugc chup. Vi tri
ldy nét tét nhit cho céc diém anh twong anh
AIF trong khoing [0,SWING] duge quy
chudn vé thang d9 sing diém anh [0,255]va
durgc luu tai vj tri ciia diém anh d6 trong 4nh
cao dd HEIGHT i image. Nhwr vy, anh AIF cho
phép nhin 5 vét thé cin Qquan sit va inh
HEIGHT luu giit théng tin v& vi tri ciia vt thé
theo truc ¢hdu kinh (Hinh 3). Tuy nhién, aéi
Vi cac vit thé trong subt (nhleu Toai & bio,
tinh thé protein,...), thdng tin v& cao 4 do hé
AIF mang lai chi cé gid tri doc theo dudmg
bién ciia c4c vat thé (Hinh 3b).
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Hinh 1: Téng quan vé hé lhfmg tich hop
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Hinh 2: M6 ta giai thuit tao anh toin nét
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Hinh 3: (a) Anh toan nét (AIF image). (b) Anh
cao 4§ (HEIGHT image) ciia tinh thé protein
trong subt
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Hinh 4: Pinh nghia cic h¢ truc toa d§

Pé xéc dinh vi tri cia vét thé trong khong
gian 3D, céc hé toa d dugc dinh nghia nhw
Hinh 4. Vit thé dugc nhén dang trong anh AIF
va vi tri 2D cia vit thé duge xac dinh béi toa
dd (x,y) cta diém anh. Véi kich thuée méi
diém anh ATF 12 0.49 pm, toa do thue (X,Y)
cta vit dugc quy ddi tir toa d6 diém anh
(x,») nhu sau:

X =x*0.49 (jm) 0)
Y=»*0.49 (um) @)

Cho SWING ={20,40,60,80,100} Ia
khoang dich chuyén cia vat kinh. Khoang dich
chuyén nay dugc quy chuan ve thang d6 séng
diém anh [0,255] va vi tri ciia vat thé quan
sét trén truc z (truc thau kinh) duoe tinh tir gia
tri cia diém anh trong anh cao d6 H nhu sau:

z=I—{§§’Ty2*SWING

$6 khung hinh trén gidy (frame rate) cia hé
AIF ¢6 thé duoc thay déi boi thong sé
FRAME ={1,2,4,6} nhu sau:

30
FRAME

Thong s6 FRAME ciing anh huéng dén
dp phan giai hay khodng cach giita hai vi trf
1y nét lién k& Ad doc theo truc théu kinh
nhu sau:

(um) O]

Sframe_rate= @)

SWING

Ad:W‘Rﬂ E (pm)

®)
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4 khung hinh trén gidy cao nhét va thip
nhit cita hé tuong fmg 13 30 va 5 hinb/gidy.
Téc 46 tao anh AIF cing cao, rung d6ng do
piezo_actuator tao ra khi vit kinh duoc dich
chuyén theo chuy ky 1én v xufing doc theo truc
thiu kinh cang nhién khi hé AIF hoat déng.

2.2 Hg tay gip vi mé microhand

Trong eéc ing dyng sinh y, céc khau/diém
téc dong cuéi (end-effector) 1am bang vét liéu
thity tinh thudng duge sir dung vi c6 tinh
trong hap sinh hoc (blocompat:ble) Trong
nghién ciru ndy, mdt hé tay ghp vi md 2 ngén
tay (two-fingered microhand) dugc sir dung dé
thao c4c¢ <é¢ vat thé vi md cin quan st (Avei
et al., 2009). He microhand niy dugc dt trén
ban soi ¢lia kinh hién vi (microscope stage)
(Hinh 1, 5). Khau tic déng cudi cia hé 14 hai
“ngén tay” duge tao ra khi kéo dai cc thanh
thity tinh ciing véi tac dong cia nhigt d& diém
cudi cha thanh thity tinh ¢6 dudng kinh vio
khoang 1 um.

Mt trong hai “ngén tay” hay microfinger
cia microhand dugc didu khién boi co chu fign
két song song 3 bic tr do (3-DOF parallel link
mechanism) ((Hinh 5). Co cﬁu niy cimg véi
microfinger con lai dugc gan v6i motorized
stage 3 bic tr do. V6i két cdu nay, microhand
¢6 thé thao tic trong khdng gian lam viéc lén
hon nhé& motorized stage va thao tdc mdt cach
tinh xio nh vio microfinger duge didu khién
bang parallel link mechanism.

Fired mrcrofinger

on molorzed stage j«

Hioh 5: Microhand

64

3 PINH VI VAT THE VA MICROHAND
TRONG KHONG GIAN 3D

3.1 Xac dinh vi tri vat thé cin thao tic

Trong céc img dung y sinh, vt thé cin thao
téc 12 cfic don 1€ bao. Do hdu hét cc vt thé
niy c6 dang khdi cdu, cac hat microsphere
duec sit dung trong nghién ¢l ndy vi chiing
c6 hinh dang giéng nhau. Vi tri 3D cia
microsphere duge xac dinh boi tim cva khéi
cdu. Vi vy, microsphere dwgc nhan dang boi
giai thuit nhin dang dwdmg trdn Hough
gradient {0’Gorman and Clowes, 1973) va vi
tri 2D ciia microsphere chinh 13 tim diém cia
dudng tron dugce ohén dang.

Goi C la dudng bién cia hat mxcrosphere
dwoc nhén dang. Pudng bién nay ném trén mijit
phing vubng gée véi truc théu kinh va di qua
tim cia hat microsphere. Toa & z cia hat
microsphere dugc xac dinh nhur san:

1 H{x,

2=— ;56” HED 5 (uom) ©
C(x,)eC

Vi n, 12 s6 diém anh trén dudng bign C.
Giai thuit ndy dugc goi 18 Contour-Depth
Averaging vi vi tri z duge tinh bang trung binh
gid ui &iém &nh clia dnh HEIGHT c6 toa 6
nim trén C.

3.2 Xic dinh vj tri microhand

Vi microfinger duoge tao bdi kéo dai thanh
thuy tinh duéi tic dung cia nhiét, mierofinger
¢6 thé dugc nhan dang bdi céc doan thing nim
doc theo microfinger trong dnh AJF tix 46 tinh
ra vi trf (x,y) ciia microfinger. Vi tri Z cua
d&u microfinger (microfinger tip) duge xéac
dinh tix gia trj diém anh trong anh HEIGHT c¢6
toa d0 trén cic doan thing dugc nhén dang
trong 4nh AIF. Qud trinh xéc dinh vi tri
microhand gdm céc bude saw:

3.2.1 Nhdgn dang dogn tha?rrg
Microhand dugc dit theo phuong thing
ding (phuong y cda anh AIF) vd hai

microfinger huéng vao nhau (Hinh 6). Vi anh
ctia kinh hién vi cd 46 siu trudng anh (depth
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of field) nhé nén chi mét phén cua vt thé c6
kich thudc diy duge quan sit ré nét
Microfinger duge dit hudng tir trén ‘xuéng
theo truc thiu kinh nén chi mot phin cda
microfinger c6 thé dugc nhin 5 nét tai vi tri
14y nét nhdt dinh. Khi microfinger duge 14y nét
tai mt vung doc trén microfinger, ving dugc
13y nét s& sang hom vi hinh 1 dang déc tnmg clia
mlcroﬂnger khién mat phang cit microfinger
va song song véi truc thiu kinh tic déng nhu
thdu kinh hgi tu dnh sang. Vi vay, ¢6 3 ving
voi cudmg db sang khéc nhau dugc tao ra trong
anh AIF doc theo microfinger trong d6 viing &
gilia ¢6 cudmg d9 sang 16n nhit (Hinh 6a).

Do anh AIF tong hop it ca diém anh nét
nhit ciia vt quan sat, cac viing séng doc theo
microfinger tai t¥ng vi tri 14y nét doc theo truc
théu kinh tao thanh 3 ving ¢6 cuang d6 sang
khéc nhau doc theo microft nger vi cudmg do

(@)

séng cla ving gilfa Ién nhit. Vi vdy, c6 thé
nhin dang duoc 4 doan thing doc theo
microfinger trong treéng hop ly twong. Trong
4 doan thang duge nhan dang ding, 2 dogn
thing ndm & bién cita microfinger dugc goi tit
la doan thing blen (border lines). Hai doan
théng con lai ndm & gita vz dugc nhin dang
do sur tdn tai ciia viing sang trung tim doc theo
true ¢0a microfinger. Ching duge goi 1a doan
thing bén trong microfinger (inner lines).

Do han ché vé tée b xir Iy cia thiét b
phin citng ciia hé AIF, bong (ghost) cia vit
thé ¢6 thé dugc quan sit trong anh AIF va trér
nén 16 hon khi vét thé chuyén dfng nhanh. D&
loai bd nhing doan thing dwoc nhén dang do
dnh huéng ctia bong clia microfinger, ngudng
v& chidu dai ciia doan thing dugc nhin dang
ding dugc détra.

n

®)

Hinh 6: (a) Microhand v3 hat microsphere. (b) Céc doan thing dwge nhin dang doc theo mierefinger

3.2.2 Phén nhom cdc doan thang

Vi ¢d hai microfinger trong anh AIF, céc
doan thing nhin dang dwge doc theo
microfinger cin phai dwge xic dinh thusc
microfinger nao. Viéc phin nhém nay duge
thue hign dya vao viée xdc dinh toa 43 x cia
cdc diém cudi c6 toa d5 ¥ lém hon trong 2
didm cubi cia mdt doan thing va gis i trung
binh x mrdpomt ciia cic toa do nay. Doan
thing c6 diém cudi voi toa dd ¥ lém hon trong
2 didm cudi cua mét doan thang dé s& thuje
nhém microfinger bén trdi neu toa 6 x cia
diém d6 nhé hon x_midpoint. Nguoc lai, doan
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thing 46 s& thudc microfinger bén phai
(Hinh 7).

X_midpoint

Hinh 7: Phin nhém cic dwirog thing dwge nhan
dang da vio toa d truc x trung bish
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3.2.3 Gidi thugr Line-Type Pattern Marching
dé xdc dinh vj tri 2D ctia fingertip

He ATF can it nhét 30 anh chup & cac vi tri
1Ay nét khac nhau doc theo truc théu kinh dé
tao anh AIF véi t6c dd lém nhit [4 30 khung
hinh/gidy. H& AIF gilp ngudi quan sat ¢ cai
nhin £8 nét cdc vi vat thé ngay ca khi vét thé di
chuyen Tuy nhién, khi microfi inger di chuyen
nhanh thi viéc nhan dang céc doan thang gip
khé khan do vj trf microfinger thay ddi trong
loat anh thy thip dugc treng khoang SWING
doc theo truc thiu kinh d& wo anh AIF. Cac
doan thing bién v & trong microfinger c6
thé bi dat gay va viée tim ra 4 doan thing
ddc trung cho mdi microfinger khéng thuc
hién ducc.

Vi microfinger diroc dit theo phuong ¥ va
ving anh & gitta mlcroﬁnger c0 cudng do séng
I6n nhét, 2 ving sang con lai ¢6 cudng dd séng
nhd hon cudng dd sang cba ving nén anh nén
c4c doan thing nhan dang dugc c6 thé duge
phén logl nhu sau. Poan lhéng loai “0” nén
Vviing anh bén trai ciia né cé cudng d6 sang lén
hon wing Anh bén phai. Nguge lai, doan thing
dugc phén loai “17.

Goi Ly, T2, Ls, Ly 13 4 doan théng dac trung
cho mét microfinger I4n lurot tir trai sang phai.
Poan Ly, L, 14 doan thing bidn. Poan L, L, 14
doan thing bén trong microfinger. Céc doan
thing nay dugc phan loai nhu Bang 1. Néu
mit doan thing L; nao dé khéng thé nhan dang
duge do bi diit gdy hay do béng cla
microfinger (Hinh 8a) khi microfinger di
chuyen nhanh, doan Lhang L, ¢6 thé duoc xdc
dich dua vao loai ca 3 doan thing cén lai
trong Bang 2 wr d6 xic dinh vi ui cia
microfinger (Hinh 8b). Giai thuit nay vi vay
dugc goi 12 Line-Type Patiern Matching.

Bang 1: Phin logi 4 doan thing djc trung cho
mdt microfinger

Poan thang Ly

Loaj doan thang 0 1

L, 1, L
0 1
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Bing 2: Phén loai 3 doan théng dic trung cho
mQt microfinger khi thiéu mét doan
thang d3c trung

Poan thing bi Doan thing
thiéu I, 1, 15
Ly 1 0 1
L, 0 0 1
L: 0 1 1
L 0 1 0

5

(a)
Hinh 8: (a) Cic doan 1h§ng dwoe nhin dang. (b)
Vi tri fiugertip ciia mlcroﬁnger dang dich
chuyén véi the 3 100 pm/s

Khi cac doan thing thoa didu kién phan loai
bing gidi thuat Line-Type Pattern Matching,
t0a d6 y cna fingertip clia mét microfinger
duge xac dinh boi toa ¢¢ ¥ ciia didm trén
cing cia cdc doan thing dic trmg cho
microfinger d6. Toa d6 x cua fingertip dugc
b?mg cach thé toa d¢ ¥ via tim duoc vao
phrong trinh doan théng L. hodic L;.

3.2.4 Xde dinh toa d§ z cia fingertip

Khi tim dugc toa do (xtip’ ytip) clia

fingertip, t0a dd Z cb the tim theo cong thirc
(3). Vi anh HEIGHT rét ohifu nén vide xdc
dinh toa 49 Z chinh x4c hon dugc thuc hién
nhir vao gée nghiéng cda microfinger.

Toa d6 z cua fingertip co thé xac dinh tir
doan thing bién L, hodic L, nhung dé gidm
nhiéu do hn:n tuong béng md trong anh AIF,
toadd Z cua fingertip dugc tim tir doan théng



: Iy . 1
Tap chi Khoa hoc Truomg Dai hoc C¢ dn Tho  Phdn A: Khoa hac Tu nhién, Cong nghe va Moi trudng: 26 (2013): 61-7Q

La hoiic Ls nhén dang duec trong anh AIF. Toa  quy (Hinh 9). Dutmg hbi quy néy cho théy gée
&b cia 80 diém anh trén mot trang hai doan  nghiéng ctia microfinger hop véi mit phing
thing nay & ving fingertip dioe thu thap. vai (x,y), mang théng tin toa 46 Z cua fingertip
kich thuéc mdi diém anh 1a 049 ym vd do 4y to8 48 thip nhét cia n6 nho d6 giam dwge
microfinger tao véi truc ¥ mot goc nhd (Hinh g5 6§ do nhidu trong anh HEIGHT.

6), sb lugng diém énh vdy twong duong véi
khoang céch it nhét 13 40 pm trén mit phing
(x,¥). Vi m8i microfinger hop véi m3t

Do micropipette (bng hit vi thd) ¢6 thé
duge ché tao gi("ing nhu microfinger va cling
hinh dang cling nhu vit liéu, phwong phip
phing (x, ) métgéc itnhdtla 15°,s6lugng  Line-Type Pattern Matching dugc d8 xuit
diém anh nay d t6n vi tuong duong v6i mot trong nghién ciu ndy ciing co thé duge tmg
viing fingertip di dai dé tinh vi tri cia ddumat  dung @& tim vi i déw hat (tip) cia
microfinger. Gia trj ctia 80 diém Anh nay trong micropipette.
anh HEIGHT dugc sir dung dé tim dudmg hbi

Hx,y) Hix.y)

255 355

fitied line

o

( :p’yrw) (,y)

@ ()
Hinh 9: Gi4 trj 8im anh cia anh HEIGHT doc theo doan thﬁng bén trong microfinger bén trdi (2) vi
bén phii (b) khi setup thi nghigm. Dwing héi quy (fitted line) dwgc tinh tir gi4 éri cia 80 diém dnh
4 GAP THA TU DONG CAC HAT ddng cic hat microsphere <6 kich thudc khde
MICROSPHERE PA KIiCH THUGC nhau duge thue hién. Trong thi nghiém nay,
s . T i, hand duge dit ciach hat microsphere o
Hé AIF duge tich hop véi kinh hién vi microl P
Olympus [X81 sir dung ché dp quan sét bright  Khoang céch 100 um. Do thi nghigm gp v
field v6i vat kinh Olympus LUCPlan-FLN tha dugc thwe hién dé khao sét tinh kha thi cia
20X/0.45na Phl dé c6 the quan sit vit thé gidi thust nén hat microsphere duge thi ngay
duge tét trong khodng tir 10 dén 100 um. v} [rODg AUOnE quan sat. Vi vy wong tong
phal dat trude edc thong sb cho hé thong trudc quan sa}t nay, chi c6 1:nc_)t vai hat microsphere
méi thi nghiém, théng s6 clia hé AIF dwoc dat dugc gilt lai. Thi nghiém dwoc thyc hién trén

1a SWING=80 pm FRAME=2 dé dat duge :‘;m hat microsphere pht hop véi khoéng cich
N R _ P déi twong dén microhand da dinh trudc
a6 phén gidi thich hop Ad =1.3 pm 488 v6i (Hinh 10a).
céc vit thé c6 kich thudc mong mudn ty 10 .
dén 100 pm. Vi ti 3D ciia hai microfinger va
L . R o mlcrosphere durge tim bang gidi thudt dd mo ta
_ e trinh dicn khi ning tim duge vi tri 3D & trén. Tuy nhién, viéce thiét l4p thi nghiém vai
ciia microhand va céc 46i tuong vi mb tmg  didu kign dhu 12 hai mmmf‘mger €6 ciing toa 49
dung trong linh vuc sinh y khi cén thao tdc tw Z rit khé nén qué trinh cdn chinh vi i Z coa

dng céc dbi argng nay. thi nghiém gip tha tr  microfi inger dugc thuc hién tr dong. Sau dé,

(oo 720} Ce3)
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chu ky ghp tha mot hat microsphere dién ra
nhur sau:

Buéc 1: M rong hai microfinger dé khoang
céch cia ching lén hon dudng kinh
cia hat microsphere khodng 5 um.
Didu khién microhand tiép cén hat
microsphere. Sau khi thuc hién xong
budc 1, hat microsphere s & gitra hai
microfinger chuin bj cho thao tic
tiép theo. (Hinh 10c).

Budc 2:

Hat microsphe‘re duoge kep‘gifta h_ai
microfinger bang cach diéu khién
microfinger bén phai mot khoang

cach Ax=—10pmdé microsphere
duge gilr chat gifta hai microfinger.
Hat microsphere sau dé duoe ghp 1én
khoang cich Az gin bing kich
thudce hat microsphere. (Hinh 10d).

Step 3: Hat microsphere dugc van chuyén
mjt khoang Ax=100 pm tinh tr
vi tri ban dau (Hinh 10e).

Step4: Hat microsphere dugc dat xuéng vi

tri mong muon va microfinger bén
phai duogc dich sang phai d€ tha hat
microsphere (Hinh 10f).

Hinh 10: (s) Setup thi nghi¢m. (b) Ciin chinh vj tri z ciia hai microfinger. Chu ki gap—ths vat thé: {©
Tiép cjin (d) gip, (c) vin chuyén, (f) 33t vat thé tai vi tri mong muén

Bing 3: Két qua gﬂp—tha tr- déng cac hat
microsphere vdi cdc kith ci khae nhan

96 nm 20 pm
90% 74%

S pm
80%

Loai microsphere
Ti 12 thanh céng
Két qua gép-tha cic hat microsphere véi
nhiéu kich thugc khac nhau véi 20 phép thu
dugc fiét ké o Bang 3. Ti I€ thinh cdng gidm
d8i véi cac microsphere ¢é kich thude nhé
hon. Diéu nay cho thdy dd phan giai coa hé
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AIF ¢6 thé khdng phu hop ddi véi hat
rrucrosphere kich thuée nho. Thi nghiém duge
thuc hién véi 4 phan giai ¢b dinh khi 4n dinh
théng s& SWING=80 um ngay tir ddu dé dat
dirge dd phan giai phil hop ddi voi cic loai vét
thé c6 kich thudc khic nhau trong khoang tir
10 pm dén 100 pm. Tuy nhién, 49 phin giai
cda hé théng can duge cai tién qua viée didu
chinh théng s6 SWING dé ting d§ chinh x4c
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khi dinh vi edc vat thé cd kich thudc nhd hon.
Ngodi ra, rung dong do piezo actuator gly 1a
Kkhi dich chuyén vat kinh mot khoang dai
(SWING=80 pm) 16m nén c6 thé ca anh huong
Ién hom ddi v6i cic hat microsphere c6 kich
thrée nhé hom. Viée tha hat microsphere ¢
kich thude nhé cach thu dong déi khi kho thwe
hign do hat microsphere dé dang bi dinh vao
dhu cha microfinger. Pidu ndy ciing lam giam
kha ning gap tha thanh coéng hat microsphere
<6 kich thude nho hon.

Théi gian trung binh cin thiét dé xac dinh
vi tri cia dbi tugng va microhand 1an lrot 12
28 ms va 340 ms. Tuy hé théng chua dép img
duge thdi gian thuc nhung viée xae dinh vi ti
cnia 48i tugng va microhand chi thye hién mét
]an va di nhanh trude khi bt diu mét chu ky
gép tha. Do microhand dich chuyen vai tée 45
100 pm/s va duge dat cach déi tuong cin thao
tac khodng 100 pm, thoi gian can thiét de gap
déi twong chi mat khoang 1.5 s, nhanh gan gép
doi so voi viée sir dung micropipette (Lu et al.,
2010).

Cho dcn nay, chua ¢é nghién ciu ndo
tuong vé vige dinh vi ca dm tuong va co cau
chép hanh d gép tha truc tiép cac dbi rong té
bao riéng I¢ da leh thude mdt céch tir d6ng.
Vige ghp tha cac té bio thong thudmg duge
thye hién bing micropipette v&i dudng kinh
du hit phi hep dé hit hay giir cac vat thé ¢6
kich thuéc mong mudn xac dinh. Vi vay, vi tri
chc 18 bao cb thé woe luong duoe mét cach
tuong d3i va viéc dinh vi micropipette chi cin
thyc hién mot lan (Wang er al., 2007). Tuy
nhién, viéc s dung micropitpette gép kho
khan trong céc ung du.ng doi héi phai thao
tic nhidu @bi twong 13 t& bdo cb kich thudc
khéc nhau.

5 KET LUAN VA DE XUAT

Bai viét ndy gi6i thidu hé théng AIF duge
sir dung hi€u qua trong viéc quan sit cdc vat
thé vi md theo cach thitc toan thé vt quan sét
déu duoc 16 nét. Giai thuit AIF ciing cung cip
théng tin chidu siu cuia vt thé qua d6 viée tich
hop hé ALF vdi co ciu chap hanh vi mé cd thé
gitp tu déng hda khiu thao tic tu ding cac vi
it thé nhu céc don béc, vi sinh vat.
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Bai v1et da a8 xudt pidi thuat tlm vj ui 3D
cla vat thé cin thac tic v didm diu cudi clia
co cAu chép hanh (end-effector). V4t thé cin
thao tdc Ia hat microsphere vi hat mlcrosphere
trong sudt va hinh dang cia ching gidng cac
don bao. End-effector 14 hai microfinger cia
mét co ¢du gap tha microhand.

Thi nghiém gip tha bing microhand véi
cac hat microsphere ¢é kich thuéc khiac nhau
d3 dugce thue hién dé ching minh tinh kha thi
cia gial thudt 4 xudt. Ti [¢ gip tha thinh cong
cac hat microsphere nhd hon véi céc hat
microsphere nha. Vige hdi tip kich thuée cta
hat microsphere dugc nhén dang dé tinh chinh
thong s6 SWING clia hé AIF s& cai thién dugc
d pbén giai ciia hé AIF tir 46 cdi thién 4o
chinh x4c khi dinh vi cc vit thé nhé hon va
tang ti 1& thao tAc thanh cong vi hé ATF hién tai
chua ¢b chiic ndng nay. Hon nifa, viée diéu
chinh ndy cling gitp lam giam thidu rung dong
clia hé vi vat kinh chi duec dich chuyén nét
khoéng nhd hon khi d6i tugng thao tic ¢6 kich
thude nhé hom.

Giai thu@t Contour Depth Averaging c6 thé
duoc ap dung cho nhleu loai 1é bao hay vi sinh
vat c6 hinh dang khéi cdu. Giai thuat Line-
Type Pattern Matching ciing c6 thé ting dung
cho mic_ropipert,e vi ching ¢4 hinh dang va
cdch ché tao gidng mlcroﬁnger Véi viée tich
hep hé AIF va ép dung cac giai thuat vira dé
xudit, vi trf 3D cha d6i tuong can thao tac va
clia end-effector ¢4 thé duge tinh toan cho vige
tr dong héa cac khau didu khién, thao téc cc
vi vét thé nhw céc don bao, vi sinh vit trong
khi quan sét chiing dugce 5 nét, gop phin cho
su phat trién ciia nghién ciru ¥ sinh.
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