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ABSTRACT

All-In-Focus imaging system has been used to observe microbiological
objects. In addition to the useful feature of observing a thick microobject
clearly as the whole object is in focus, the system provides the depth
information of the microobject from which 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 manipulating the object
using the depth information obtained from the AIF imaging system. The
system is integrated with a two-fingered microhand micromanipulation
system and automated pick-and-place task is experimentally
demonstrated to show the effectiveness of the AIF imaging system. The
success rate is over 70% for microobjects from 20 to 100 wm which is
promising for developing automated micromanipulation system that can
be widely applied in many biological and life science fields.

TOM TAT

H¢ thong tao anh toan nét (hé AIF) da dwoc vng dung trong quan sat cac
vdt thé vi mé tir lu. Ngoai chirc nang wu viét la tao anh cua vt the quan
sdt nhir thé toan b vit thé déu dwoc ldy nét, hé AIF con cung cdp théng
tin chiéu sdu ciia vt thé giip xdc dinh vi tri ciia vit thé doc theo truc z
hay truc thau kinh. Tuy nhién, it nghién ciru quan tam khai thac tinh nang
nay. Nghién ciru nay dé xuat cac phirong phdp tim vi tri 3D cua vt thé vi
mé va cia dau mit co cau chdp hanh ddu cuoz tir h¢ AIF khi can phai
thao tac chung. Hé AIF dwoc tich hop véi co cau gdp tha microhand c6 2

“ngon tay” va thao tac gdp tha dwoc tir dong héa dé trinh dién tinh kha
dung cua hé¢ AIF. Ti ¢ gap tha thanh cong dat trén 70% doi véi cdc vit
thé ¢é kich thiede tir 20 d‘en 100 um. Piéu nay chimg to hé AIF co thé
dwoc ung dung aé phat trién cdc hé thao tac vt thé vi mé tuw dong dé i ung
dung rong rdi trong cac linh viee sinh hoc va khoa hoc sy Séng.

1 GIOI THIEU

Trong céc linh vuc y sinh va khoa hoc su
song, Viéc quan sat cac vat thé vi mo nhu té
bao, vi sinh vat, dugc thyc hién rat thuong

xuyén. Quan sat vién thuong phai diéu chinh
liy nét bang tay va doi khi phai thuc hién
nhiéu lan cho cac dbi twong véi kich c¢& khac
nhau. C6 nhiéu nghién ctru dé xuat cac giai
thuat Iéy nét (Groen et al., 1985; Sun et al.,
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2004; Mateos-Pérez et al., 2012) va dé xuit
cac tiéu chuén dé chon giai thuat phu hop
trong nhing truong hop cu thé (Sun et al.,
2004). Pugc phat trién tir hé Micro VR camera
(Ohba et al., 2000), hé thong tao anh toan nét
(All-In-Focus imaging system) duoc phat trién
dé quan sat cc vat vi md nhu thé toan thé doi
tuong can quan sat duoc Iéy nét. Ngoai chirc
nang tao anh toan net, hé théng nay con cung
cap thong tin vé Chleu sau cua doi tugng va da
duogc sir dung dé gap tha cac hat microsphere
(Ohara et al., 2004). Tuy nhién, giai thuét dé
tim vi tri 3D ctia dau cudi co cdu chap hanh
(end-effector tip) cling nhu cac ddi twong cu
thé chua dugc dé xuat. Hon nira, viéc giam
nhiéu trong viéc xac dinh toa do Z cua cac vat
thé tir hé AIF chua dugc dé cap téi.

Béng cach tich hop hé tao anh toan nét (hé
AIF) Véi co cau chap hanh dé thao tac cac vat
vi mo va tim vi tri ddu mut (tip) cua end-
effector cling nhu vat thé can thao tac, ta co
thé thiét ké mot hé thao tac cac vat thé vi mo
tu dong, gitp ich cho cac nghién ciru y sinh va
khoa hoc su song.

Trong nghién ctru ndy, co cau chip hanh
duoc st dung 13 mét tay gip-tha microhand co
2 “ngon tay” (microfinger) dugc tao thanh tr
viéc kéo gian cac thanh thuy tinh dudi tac
dong cua nhiét dé diém dau cudi microfinger
¢6 kich thude vao khoang 1 pum. Co cau
microhand nay dugc chon vi n6 co6 thé thao tac
cac vat thé vi moé mot cach tinh xao nhu xoay
cac té bao (Inoue et al., 2008) hay dung dé do
do cung cua té bao (Kawakami et al., 2010;
Inoue et al., 2006).

Dé kiém tra tinh kha dung cua giai thuat dé
XUét trong nghién ctru nay sau khi tich hop hé
AIF va hé microhand dé tao thanh mot hé thao
tac tu dong cac vat thé vi mo, thi nghiém gap
tha cac hat microsphere véi kich thudc khac
nhau dugc thyc hién mét cach ty dong.

2 TONG QUAN VE HE THONG

2.1 Hé thdng tao anh toan nét (All-In-Focus
imaging system)

Hé thdng tao anh toan nét AIF imaging
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system (goi tit 1a hé AIF) dugc phat trién tir hé
Micro VR camera (Ohba et al., 2000), bao
gom mot co cau chap hanh bang gbm PZT
(piezo actuator) va thiét bi didu khién cua
piezo actuator, mot camera toc do cao (Photron
Focuscope FV-100C) dugc gan & camera port
ctia kinh hién vi va mot by xu 1y dé tao anh
toan nét AIF image va anh cao d6 HEIGHT
image (Hinh 1). Co cdu chap hanh dung dé
thay doi vi tri ciia vat kinh (objective lens)
trong khoang 100 pm doc theo tryc thau kinh
(optical axis). Bang cach thay doi vi tri vat
kinh, mat phang tiéu diém (focal plane) s& thay
d6i hay néi cach khac vat thé quan sat dugc
ldy nét & nhitng vi tri khac nhau doc theo truc
thau kinh. Nhu vay, camera téc d6 cao co thé
chup anh cua vat thé véi tdc o 1000 anh/giay
tai nhirng vi tri 14y nét khac nhau doc theo truc
thiu kinh khi hé AIF hoat dong.

Hinh 2 moé ta giai thuat tao anh toan nét
(goi tit 1a anh AIF). Khi vat kinh duoc dich
chuyén mot doan SWING , mét loat anh duoc
chup tai nhiing vi tri ldy nét lién ké cua vat thé
can quan sat. Vi tri 1ay nét tot nhat cho tung
diém anh dugc xac dinh boi tan sé cuc bo cua
cuong do sang tai vi tri cia diém anh dé trong
tat ca cac anh chup dugc khi vat kinh dich
chuyén mot doan SWING (Ohba et al., 2003).
Dé tao duoc anh AIF trong do6 toan by vat
quan sat déu rd nét, 4o sang hay gia tri cua
ting diém anh (pixel intensity) caa anh AIF
dugc lay tir anh c6 vi tri 1ay nét tot nhat ddi voi
diém anh d6 trong loat anh duoc chup. Vi tri
ldy nét tot nhat cho cac diém anh trong anh
AIF trong khoang [0,SWING] duoc quy
chuan vé thang d¢ sang diém anh [0,255]va
duoc luu tai vi tri ciia diém anh d6 trong anh
cao do HEIGHT image. Nhu vay, anh AlIF cho
phép nhin rd vat thé can quan sat va anh
HEIGHT luu giir thong tin v& vi tri cta vat thé
theo truc thau kinh (Hinh 3). Tuy nhién, déi
VGi cac vat thé trong suét (nhiéu loai té bao,
tinh thé protein,...), thong tin vé cao do do hé
AIF mang lai chi c6 gia tri doc theo duong
bién cua cac vat thé (Hinh 3b).
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Hinh 2: M ti giai thuat tao anh toan nét
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Hinh 3: (a) Anh toan nét (AIF image). (b) Anh
cao do (HEIGHT image) cua tinh thé protein

trong sudt
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Hinh 4: Pinh nghia cac hé truc toa do

[

Pé xac dinh vi tri cua vat thé trong khong
gian 3D, cac hé toa d6 dugc dinh nghia nhu
Hinh 4. Vit thé duoc nhan dang trong anh AlF
va vi tri 2D cia vat thé duoc xac dinh boi toa
do (X,Yy) cua diém anh. Véi kich thuéc moi
diém anh ATF 1a 0.49 um, toa d6 thuc (X,Y)
cia vat duoc quy doi tir toa d6 diém anh
(X,y) nhu sau:

X =x*0.49 (um) )

)

Cho SWING ={20,40,60,80,100} 1a

khodng dich chuyén cua vat kinh. Khoang dich
Chuyen nay dwoc quy chuin vé thang do sang
diém anh [0,255] va vj tri cua vat thé quan
sat trén truc z (truc thau kinh) duoc tinh tir gia
tri cua diém anh trong anh cao d6 H nhu sau:

H(X,Y),
Z_sz SWING (um)

S6 khung hinh trén gidy (frame rate) cta h¢
AIF c¢6 thé dugc thay doi bdi thong so
FRAME = {ZL 2,4,6} nhu sau:

30
FRAME

Thong s6 FRAME ciing anh huéng dén
dod phan giai hay khoang cach gitra hai vi tri
liy nét lién k& Ad doc theo tryc thiu kinh
nhu sau:

Y =y*0.49 (um)

@)

frame rate= 4

SWING

Ad =55 FRAME

(um) (5)
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S6 khung hinh trén gidy cao nhit va thap
nhit cua hé tuong tmg 1a 30 va 5 hinh/gidy.
Téc d6 tao anh AIF cang cao, rung dong do
piezo actuator tao ra khi vat kinh dwgc dich
chuyén theo chu ky 1én va xubng doc theo truc
thiu kinh cang nhiéu khi hé AIF hoat dong.

2.2 Hé tay gap vi mé microhand

Trong céc ung dung sinh y, cac khau/diém
tac dong cudi (end-effector) lam bang vat liéu
thuy tinh thuong duoc st dung vi cé tinh
tuong hop sinh hoc (biocompatible). Trong
nghién ctru nay, mot hé tay gap vi mé 2 ngén
tay (two-fingered microhand) dwoc sir dung dé
thao cac cac vat thé vi mo can quan sat (Avci
et al., 2009). Hé microhand nay dugc dit trén
ban soi cua kinh hién vi (microscope stage)
(Hinh 1, 5). Khau tac dong cudi cia hé 13 hai
“ngon tay” duoc tao ra khi kéo dai cac thanh
thay tinh cung véi tic dong cua nhiét dé diém
cudi cua thanh thiy tinh c¢6 duong kinh vao
khoang 1 pm.

Mot trong hai “ngédn tay” hay microfinger
ctia microhand duoc diéu khién boi co cdu lién
két song song 3 bac tu do (3-DOF parallel link
mechanism) (Hinh 5). Co ciu nay cing Vi
microfinger con lai dwoc gin véi motorized
stage 3 bac ty do. Voi két ciu nay, microhand
¢6 thé thao tac trong khong gian lam viéc 16n
hon nhd motorized stage va thao tic mot cach
tinh x40 nho vao microfinger dugc diéu khién
bang parallel link mechanism.

Parallel link
mechanism

Fixed microfinger
on motorized stage

P
[} &
3 DOF microfinger .
for Local motion j=_

Hinh 5: Microhand

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

3.1 Xic dinh vi tri vt thé cn thao tac

Trong cac g dung y sinh, vat thé can thao
tac la cac don té€ bao. Do hau hét cac vat the
nay c6 dang khéi cau, cac hat microsphere
duogc su dung trong nghién clru nay vi chiung
c6 hinh dang giéng nhau. Vi tri 3D cua
microsphere dugc xac dinh boi tim cua khéi
cau. Vi vay, microsphere dugc nhan dang boi
giai thuat nhan dang duong tron Hough
gradient (O’Gorman and Clowes, 1973) va vi
tri 2D cua microsphere chinh 1a tim diém cua
duong tron dugc nhan dang.

Goi C la duong bién cua hat microsphere
dugc nhan dang. Pudng bién ndy nim trén mat
phing vudng goc vai truc thau kinh va di qua
tam cua hat microsphere. Toa d6 z cua hat
microsphere dugc xac dinh nhu sau:

=1 v HYaunG (um)
nC(X,y)EC 256

(6)

Véi N 1a sé diém anh trén dudng bién C .
Giai thuat nay duoc goi la Contour-Depth
Averaging vi vi tri z dugc tinh bang trung binh
gia tri diém anh cua anh HEIGHT c6 toa do
nam trén C .

3.2 Xac dinh vi tri microhand

Vi microfinger dugc tao bdi kéo dai thanh
thay tinh dudi tic dung cua nhiét, microfinger
¢6 thé duoc nhan dang bai cac doan thang nam
doc theo microfinger trong anh AIF tir d6 tinh
ra vi tri (X,Y) cta microfinger. Vi tri Z cua
dau microfinger (microfinger tip) duoc xac
dinh tir gia tri diém anh trong anh HEIGHT c6
toa do trén cac doan thing dugc nhan dang
trong anh AIF. Qua trinh x4c dinh vi tri
microhand gom céc budc sau:

3.2.1 Nhdn dang doan thang

Microhand dwoc dat theo phuong thang
ding (phuong Yy cua anh AIF) va hai
microfinger hudng vao nhau (Hinh 6). Vi anh
ctia kinh hién vi c6 d6 sau truong anh (depth
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of field) nho nén chi mot phan cua vat thé co
kich thuéc day dugc quan sat rd nét.
Microfinger duge dit huéng tir trén xudng
theo tryc thau kinh nén chi mot phan cua
microfinger cé thé dugc nhin rd nét tai vi tri
ldy nét nhit dinh. Khi microfinger duoc liy nét
tai mgt vung doc trén microfinger, ving dugc
ldy nét s& sang hon vi hinh dang dic trung cia
microfinger khién mat phang cat microfinger
va song song Véi truc thau kinh tic dong nhu
thau kinh hoi tu anh sang. Vi vy, c6 3 ving
Vi cuong d sang khac nhau dugc tao ra trong
anh AIF doc theo microfinger trong d6 vung &
giita c6 cuong do sang 16n nhat (Hinh 6a).

Do anh AIF tong hop tat ca diém anh nét
nhat cua vat quan sat, cac ving sang doc theo
microfinger tai tirng vi tri léy nét doc theo truc
thau kinh tao thanh 3 ving c6 cudng do sang
khac nhau doc theo microfinger va cudng do

~

(a)

Phan A: Khoa hoc Tir nhién, Céng nghé va Méi trwong: 26 (2013): 61-70

sang cua vung gitra 16n nhat. Vi vay, c6 thé
nhan dang dwoc 4 doan thing doc theo
microfinger trong truong hop ly tuong. Trong
4 doan thang dwoc nhan dang ding, 2 doan
thang nam ¢ bién ctia microfinger dugc goi tit
13 doan thing bién (border lines). Hai doan
thang con lai nam ¢ gitra va dwoc nhan dang
do su ton tai cua ving sang trung tdm doc theo
truc cta microfinger. Chung dugc goi la doan
thang bén trong microfinger (inner lines).

Do han ché vé toc do xur Iy cua thiét bi
phan cang cia hé AIF, bong (ghost) cua vat
thé co thé dugc quan sat trong anh AIF va tré
nén rd hon khi vat thé chuyén doéng nhanh. bé
loai bo nhimg doan thiang dwgc nhan dang do
anh hudng ctua bong cua microfinger, ngudng
vé chiéu dai cua doan thang duoc nhan dang
dung duogc dat ra.

)
(b)

Hinh 6: (a) Microhand va hat microsphere. (b) Cac doan thang dwoc nhan dang doc theo microfinger

3.2.2 Phdn nhém cdc doan thang

Vi ¢6 hai microfinger trong anh AIF, cac
doan thing nhan dang duoc doc theo
microfinger can phai duoc xac dinh thudc
microfinger nao. Vi¢c phan nhém nay duoc
thuc hién dua vao viéc xac dinh toa d0 X cua
cac diém cudi c6 toa do Y lén hon trong 2
diém cudi ciia mot doan thing va gia tri trung
binh x_midpoint cta cac toa d6 nay. Poan
thang co diém cudi véi toa do Y 16n hon trong
2 diém cudi cua mot doan thang do s& thudc
nhém microfinger bén trai néu toa do X cua
diém d6 nhé hon Xx_midpoint. Nguoc lai, doan
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thaing d6 s& thudc microfinger bén phai
(Hinh 7).

X

X_midpoint

Hinh 7: Phan nhém céc dwong thiang dwoc nhan
dang dwa vao toa df truc x trung binh

y
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3.2.3 Giai thugt Line-Type Pattern Matching
dé xac dinh vi tri 2D cua fingertip

Hé AIF cén it nhét 30 anh chup & cac vi tri
ldy nét khac nhau doc theo tryc thau kinh dé
tao anh AIF véi toc do 1on nhat 1a 30 khung
hinh/giay. H¢ AIF gitp nguoi quan sat co cai
nhin rd nét cc vi vat thé ngay ca khi vat thé di
chuyén. Tuy nhién, khi microfinger di chuyén
nhanh thi viéc nhan dang cac doan thang gip
kho khan do vi tri microfinger thay ddi trong
loat anh thu thap dugc trong khoang SWING
doc theo truc thau kinh dé tao anh AIF. Céc
doan thiang bién va & trong microfinger c6
thé bi dut giy va viéc tim ra 4 doan thang
dic trung cho mdi microfinger khong thuc
hién duoc.

Vi microfinger dugc dat theo phuong Yy va
vung anh & gitta microfinger c6 cuong d6 sang
I6n nhét, 2 ving sang con lai c6 cudng do sang
nhé hon cuong do sang cta ving nén anh nén
cac doan thang nhan dang dugc c6 thé duoc
phan loai nhu sau. Poan thang loai “0” néu
vung anh bén trai ciia n6é coé cuong do sang 16n
hon ving anh bén phai. Nguoc lai, doan thang
dugc phéan loai “1”.

Goi Ly, Ly, L3, Lsl1a 4 doan théng dac trung
cho mot microfinger lan luot tir trai sang phai.
Poan Ly, L, 1a doan thang bién. Poan Ly, Ls 1a
doan thing bén trong microfinger. Cac doan
thang nay dugc phan loai nhu Bang 1. Néu
mot doan thang L; nao d6 khong thé nhan dang
dugc do bi dit gdy hay do bong cua
microfinger (Hinh 8a) khi microfinger di
chuyén nhanh, doan thiang L; c6 thé dugc xac
dinh dya vao loai cua 3 doan thing con lai
trong Bang 2 tr d6 xac dinh vi tri cua
microfinger (Hinh 8b). Giai thuat nay vi vay
duoc goi la Line-Type Pattern Matching.

Bang 1: Phan loai 4 doan thing dic trung cho
mét microfinger

Doan thglng Ll I—Z L3 L4

Loai doan thiang 0 1 0 1
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Bang 2: Phén loai 3 doan thing dic trung cho
mgt microfinger khi thieu mét doan
thang déc trung

Doan thing bj Poan thing

thidu I, I, I3
L, 1 0 1
L, 0 0 1
L, 0 1 1
L, 0 1 0
I
I 1\
I\
{48\
(@ (b)

Hinh 8: (a) Cac doan thing dwoc nhan dang. (b)
Vi tri fingertip ciia microfinger dang dich
chuyén véi toc do 100 pm/s

Khi cac doan thang thoa diéu kién phan loai
bang giai thuat Line-Type Pattern Matching,
toa do Y cua fingertip cia mot microfinger
dugc xac dinh boi toa do Yy cua diém trén
cing cia cac doan thing dic trung cho
microfinger d6. Toa d6 X cua fingertip duoc
bang cach thé toa do y vua tim dugc vao
phwong trinh doan thang L, hoic L.

3.2.4 Xac dinh toa d¢ z cua fingertip
Khi tim dugc toa do (Xtip’ytip) cua

fingertip, toa do Z co thé tim theo cong thic
(3). Vi anh HEIGHT rét nhidu nén viéc xéac
dinh toa d0 Z chinh xac hon duoc thuc hién
nho vao goc nghiéng cta microfinger.

Toa d6 Z cua fingertip co thé xac dinh tir
doan thang bién L; hoic L, nhung dé giam
nhiéu do hién tugng bong mo trong anh AlF,
toa dd Z cua fingertip duoc tim tir doan thiang
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L, hodc Ly nhan dang dugc trong anh AlF. Toa
d6 cua 80 diém anh trén mot trong hai doan
thang nay & vung fingertip duoc thu thap. Voi
kich thuéc mdi diém anh 1a 0.49 pm va do
microfinger tao véi truc Y mot goc nho (Hinh
6), s6 lugng diém anh nay tuong duong véi
khoang céch it nhat 1a 40 pm trén mat phang
(X,¥). Vi mdi microfinger hop véi mit
phang (X, Y) mét goc it nhat 1a 15°, s lwong
diém anh nay du Ion va tuong dwong véi mot
vung fingertip da dai dé tinh vi tri ciia ddu mut
microfinger. Gia tri ciia 80 diém anh nay trong
anh HEIGHT duoc sir dung dé tim duong hoi

H(x,y)
255

fitted line

\

115

(Xtip’ ytip) (X- Y)

(a)
Hinh 9: Gia tri diém anh ciaa anh HEIGHT doc theo doan thing bén trong microfinger bén trdi (a) va
bén phai (b) khi setup thi nghiém. Pwong hoi quy (fitted line) dwgrc tinh tir gia trj ciia 80 di€ém anh

4 GAP THA TU PONG CAC HAT
MICROSPHERE PA KiCH THUOC

Hé AIF duoc tich hop véi kinh hién vi
Olympus 1X81 sir dung ché d6 quan sat bright
field véi vat kinh Olympus LUCPlan-FLN
20X/0.45na Phl d c6 thé quan sat vat thé
duogc tot trong khoang tir 10 dén 100 pum. Vi
phai dat trudc cac thong sb cho hé thong trudc
mdi thi nghiém, thong s cua hé AIF dugc dat
1a SWING=80 um FRAME =2 dé dat duoc
d6 phan giai thich hop Ad =1.3 um déi voi
cac vat thé c6 kich thuéc mong mudn tir 10
dén 100 pm.

Pé trinh dién kha ning tim dwoc vi tri 3D
ciia microhand va cac ddi twong vi mé ng
dung trong linh vuc sinh y khi can thao tac tu
dong cac d6i twong nay, thi nghiém gép tha tu
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quy (Hinh 9). Buong hoi quy nay cho thay goc
nghiéng cua microfinger hop vai mat phang
(X,Y), mang thong tin toa & Z cua fingertip
tai toa do thé'lp nhat cta né nho do giam dugc
sai s6 do nhiéu trong anh HEIGHT.

Do micropipette (bng hat vi thé) c6 thé
dugc ché tao gidng nhu microfinger va cling
hinh dang cting nhu véat liéu, phuong phap
Line-Type Pattern Matching dugc dé xuat
trong nghién ctru nay ciing cd thé duoc ung
dung dé tm vi tri dau hat (tip) cua
micropipette.

H(xy)
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255

0

(Xtip' ylip) (X, y)
(b)

dong céac hat microsphere c6 kich thudc khac
nhau duogc thuyc hién. Trong thi nghiém nay,
microhand dwgc dat cach hat microsphere &
khoang cach 100 pum. Do thi nghiém gip va
tha duoc thyc hién dé khao st tinh kha thi ctia
giai thuat nén hat microsphere dugc tha ngay
trong truong quan sat. Vi vy trong truong
quan sat nay, chi ¢c6 mdt vai hat microsphere
duogc gitr lai. Thi nghiém dugc thuc hién trén
mot hat microsphere phu hop véi khoang cach
tr dbi tuong dén microhand di dinh trudc
(Hinh 10a).

Vi tri 3D cla hai microfinger va
microsphere dugc tim bang giai thuat da mé ta
O trén. Tuy nhién, viéc thiét 1ap thi nghiém voi
diéu kién dau 1a hai microfinger c6 cung toa do
Z rit kho nén qua trinh can chinh vi tri Z cua
microfinger duoc thuc hién ty dong. Sau do,
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chu ky gap tha mot hat microsphere dién ra
nhu sau:

Buéc 1: Mé rong hai microfinger dé khoang
cach cua chung 16n hon dudng kinh
cua hat microsphere khoang 5 pm.
Diéu khién microhand tiép can hat
microsphere. Sau khi thuc hién xong
budc 1, hat microsphere sé & gitra hai
microfinger chuan bi cho thao tac
tiép theo. (Hinh 10c).

Hat microsphere duoc kep gitra hai
microfinger bang cach diéu khién
microfinger bén phai mot khoang

Budc 2:
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cach AX=-10pmadé microsphere
duogc gitr chat gitta hai microfinger.
Hat microsphere sau d6 duoc gip 1én
khoang cach Az gan bang kich
thudc hat microsphere. (Hinh 10d).

Step 3: Hat microsphere dugc van chuyén
mot khoang AX =100 pm tinh tur
vi tri ban dau (Hinh 10e).

Step 4: Hat microsphere duoc dat xubng vi

tri mong mudn va microfinger bén
phai dugc dich sang phai dé tha hat
microsphere (Hinh 10f).

(d)

(e)

()

Hinh 10: (a) Setup thi nghi¢m. (b) Cén chinh vi tri z cia hai microfinger. Chu ki gap -tha vat thé: (c)
Tiép can (d) gip, () van chuyén, (f) @it vat thé tai vi tri mong mudn

Biang 3: Két qua gip-tha tw dong cac hat
microsphere véi cac kich ¢6 khac nhau

Loai microsphere  ¢96 pm  ¢55 pm  $20 pm

Ti 1€ thanh cong 90% 80% 74%

Két qua gip-tha cac hat microsphere voi
nhiéu kich thudc khac nhau voi 20 phép thir
dugc liét ké ¢ Bang 3. Ti 1€ thanh cong giam
dbi voi cac microsphere c¢6 kich thuéc nho
hon. Piéu nay cho thidy do phan giai cua hé
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AIF c6 thé khong phu hop d6i véi hat
microsphere kich thuéc nho. Thi nghiém dugc
thuc hién véi do phan giai ¢6 dinh khi 4n dinh
thong s6 SWING=80 pum ngay tir dau dé dat
dugc do phan giai phu hop ddi véi cac loai vat
thé c6 kich thudc khac nhau trong khoang tir
10 pm dén 100 pm. Tuy nhién, d§ phan giai
cua hé thng can duoc cai tién qua viéc diéu
chinh thong s6 SWING dé ting d6 chinh xac
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khi dinh vi céc vat thé co kich thugc nhé hon.
Ngoai ra, rung dong do piezo actuator gay ra
khi dich chuyén vat kinh mot khoang dai
(SWING=80 um) 16n nén c6 thé c6 anh huang
I6n hon ddi véi cac hat microsphere cé kich
thuéc nho hon. Viéc tha hat microsphere co
kich thudc nhé cach thu dong do6i khi kho thyc
hién do hat microsphere dé dang bi dinh vao
dau cua microfinger. Didu nay ciing lam giam
kha ning gip tha thanh cong hat microsphere
¢ kich thudc nho hon.

Thoi gian trung binh can thiét dé xac dinh
vi tri ciia ddi twong va microhand lan luot 1a
28 ms va 340 ms. Tuy hé thong chua dap g
dugc thoi gian thuc nhung viéce xac dinh vi tri
cua di twong va microhand chi thuc hién mot
lan va di nhanh trude khi bat dau mot chu ky
gap tha. Do microhand dich chuyén véi toc do
100 pm/s va duoc dat cach dbi tuong can thao
tac khoang 100 pm, thoi gian can thiét dé gap
dbi twong chi mat khoang 1.5 s, nhanh gan gap
doi so voi viéc st dung micropipette (Lu et al.,
2010).

Cho dén nay, chua cé nghién cliru nao
tuong ty V& viéc dinh vi ca ddi tuong va co cau
chap hanh dé gép tha truc tiép cac doi tuong té
bao riéng 1é da kich thuéc mot cach ty dong.
Viéc gap tha cac t& bao thong thudng dugc
thuc hién bang micropipette véi duong kinh
dau hat pht hop dé hat hay gitr cac vat thé co
kich thuéc mong mudn xac dinh. Vi vay, vi tri
cac t& bao co thé udc luong dugc mot cach
tuong ddi va viéc dinh vi micropipette chi can
thuc hién mot l1an (Wang et al., 2007). Tuy
nhién, viéc st dung micropitpette gap kho
khan trong cac ung dung doi hoi phai thao
tac nhiéu ddi tugng 1a té& bao c6 kich thudc
khac nhau.

5 KET LUAN VA PE XUAT

Bai viét nay gigi thiéu hé thong AIF dugc
su dung hi¢u qua trong viéc quan sat cac vat
thé vi mo theo cach thirc toan thé vat quan sat
déu duogc rd nét. Giai thuat AIF ciing cung cap
thong tin chiéu sau cua vat thé qua d6 viéc tich
hop hé AIF véi co ciu chip hanh vi md c6 thé
gitup tu dong hoa khiu thao tic tu dong cac vi
vat thé nhu cac don bao, vi sinh vat.
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Bai viét da dé xuat giai thuat tim vi tri 3D
cua vat thé can thao tac va diém dau cudi cua
co cau chap hanh (end-effector). Vat thé can
thao tac 1a hat microsphere vi hat microsphere
trong sudt va hinh dang cua ching gidng cac
don bao. End-effector 1a hai microfinger cua
mot co cau gap tha microhand.

Thi nghiém gép tha bang microhand véi
cac hat microsphere c6 kich thudc khac nhau
dd duoc thyc hién dé chimg minh tinh kha thi
cua giai thuat dé xuat. Ti & gap tha thanh cong
cac hat microsphere nhé hon véi cac hat
microsphere nho. Viéc hdi tiép kich thuée cua
hat microsphere dwgc nhan dang dé tinh chinh
thong s6 SWING cua hé AIF sé& cai thién dugc
d6 phan giai caa hé AIF tir d6 cai thién do
chinh xé4c khi dinh vi cac vat thé nhé hon va
tang ti 1€ thao tac thanh cong vi hé AIF hién tai
chua c6 chic ning nay. Hon nita, viéc diéu
chinh nay ciing gitip 1am giam thiéu rung dong
cua hé vi vat kinh chi duoc dich chuyén mot
khoang nho hon khi ddi tugng thao tac c6 kich
thudc nho hon.

Giai thuat Contour Depth Averaging co thé
duge ap dung cho nhiéu loai té bao hay vi sinh
vt ¢6 hinh dang khdi cau. Giai thuat Line-
Type Pattern Matching ciing c6 thé (ng dung
cho micropipette vi chung c6 hinh dang va
cach ché tao gidng microfinger. Véi viéc tich
hop hé AIF va ap dung cac giai thuat vira dé
xuat, vi tri 3D cua ddi tuong can thao tac va
cua end-effector c6 thé duge tinh toan cho viéc
tu dong hoa cac khau didu khién, thao tac cac
vi vat thé nhu cac don bao, vi sinh vat trong
khi quan sat ching duoc rd nét, gop phan cho
su phat trién cta nghién ctu y sinh.
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