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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 fiilly 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 AlF imaging system. The 
system is integrated with a two-fingered mlcrohand micromanipulation 
system and automated pick-and-place task is experimentally 
demonstrated to show the effectiveness of the AlF imaging system. The 
success rate is over 70% for microobjects from 20 to 100 pm which is 
promising for developing automated micromanipulation system that can 
be widely applied in many biological and life science fields. 

TOM TAT 

Hi thdng tgo dnh todn net (hi AIF) dd dugc img ditng Wong quan sdt cdc 
vgt the vi mo tit lau. Ngodi chuc ndng uu viet Id tgo dnh cua vdt thi quan 
sdt nhu thi todn bO vgt the diu duQc ldy net, h0 AIF cdn cung cdp thong 
tin chieu sdu cua vdt thi giup xdc dinh vi tri cua vgt thi dgc theo true z 
hay true thdu kinh. Tuy nhien. it nghien deu quan tdm khai thdc tinh ndng 
ndy. Nghien cuu ndy di xudt cdc phuang phdp I'm vi tri 3D ciia vdt thi vi 
md vd cua ddu mut co cdu chdp hdnh ddu cudi tit he AIF khi cdn phdi 
thao tdc chiing. Hi AIF dugc lich hgp vdi ca cdu gdp thd mlcrohand co 2 
"ngdn tay" vd thao tdc gdp thd dugc tu dgng hda di trinh diin tinh khd 
dung cua he AIF. Tl l? gdp thd thdnh cdng dgt trin 70% ddi vdi cdc vdt 
thi cd kich thudc tir 20 din 100 fim. Dieu ndy chiing td hi AIF cd thi 
dugc ung dyng diphdt triin cdc h$ thao tdc vgt thi vi mo ty dgng di wig 
dung rgng rai trong cdc iTnh vyc sinh hgc vd khoa hgc sy s6ng. 

1 GIOI THIEU 

Trong cac Imh vuc y sinh va khoa hgc sy 
sdng. vide quan sat cac vat thd vi md nhu td 
bao, vi sinh vat, dugc thyc hidn rit thudng 

xuydn. Quan sat vidn thudng phii didu chinh 
liy net_̂  bing tay va ddi khi phai thyc hien 
nhieu lin cho cic doi tugng vdi kich cd khac 
nhau. Cd nhieu nghien cuu de xuit cac giai 
thuat liy net (Groen et al, 1985; Sun et at. 
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2004; Mateos-Perez et al, 2012) va dd xuit 
cac tidu chuin dd chgn giai thuat phu hgp 
frong nhung trudng hgp cu thd (Sun et al, 
2004). Dugc phat tridn td hd Micro VR camera 
(Ohba et al, 2000), he thong tao anh toan net 
(AlUn-Focus imaging ^stem) dugc phat tridn 
^ quan sat cac vat vi md nhu thd toan thd ddi 
tugng can quan sit dugc liy net. Ngoai chdc 
nang tao anh toan net, he thdng nay cdn cung 
cap thdng tin ve chidu siu cda ddi tugng va da 
dugc su dung dd gip thi cic hat microsphere 
(Ohara et al, 2004). Tuy nhien, giai thuit dh 
tim vi tri 3D cua diu cudi ca cau chap hanh 
(end-effector tip) cun^ nhu cac ddi tugng cu 
the chua dugc de xuat. Han nua, viec giim 
nhidu frong viec xic dinh tga do Z cda cac vat 
the tu he AIF chua dugc de cap tdi. 

Bang each tich hgp he tao inh toan net (he 
AIF) vdi CO cau chap hanh de thao tic cac vat 
vi md va tim vi tti diu mut (tip) cua end-
effector cung nhu vat the can thao tic, ta cd 
thd thidt kd mgt he thao tic cic y^t the vi md 
tu ddng, gidp ich cho cac nghidn cuu y sinh va 
khoa hgc sy sdng. 

Trong nghidn cuu nay, ca cau chip hanh 
dugc sd dyng la mdt tay gip-tha microhand cd 
2 "ngdn tay" (microfinger) dugc tao thanh tu 
vide keo gian cac thanh thdy tinh dudi tic 
dgng cua nhiet dd diem dau cudi microfinger 
cd kich thudc vao khoang I pm. Co cau 
microhand nay dugc chgn vi nd cd the thao tic 
cic vat the vi md mgt each tinh xao nhu xoay 
cac td bao (Inoue et al, 2008) hay dimg dh do 
dd cung cda td bao ^awakami et al, 2010; 
Inoue et al, 2006). 

Dd kidm tta tinh khi dung cda giai thuit dd 
xuat trong nghidn cdu nay sau khi tich hgp he 
AIF va he microhand dd tao thanh mdt he thao 
tac ty dgng cac vat thd vi md, tiii nghidm gip 
thi cac h?t microsphere vdi kich thudc khac 
nhau dugc thyc hidn mdt each ty ddng. 

2 T 6 N G QUAN VE HE THONG 

2.1 He th6ng tao anh toan net (All-In-Focus 
imaging system) 

He thong l?o anh toin net AIF imaging 

system (ggi tat la he AIF) dugc phat tridn td he 
Micro VR camera (Ohba et al, 2000), bao 
gdm mdt co cau chap hanh bang gdm PZT 
(piezo actuator) va thidt bi dieu khien cua 
piezo actuator, mdt camera tdc do cao (Photron 
Focuscope FV-IOOC) dugc gin d camera port 
cua kinh hien vi va mdt bg xd Iy dd tao anh 
loan net AIF image va inh cao do HEIGHT 
image (Hinh 1). Co cau chap hanh diJng de 
thay ddi vi tri cda vit kinh (objecrive lens) 
trong khoang 100 pm dgc theo true thau kinh 
(optical axis). Bing cich thay ddi vi tti vat 
kinh, mat phing tidu diem (focal plane) se thay 
ddi hay ndi cich khic vit thd quan sat dugc 
lay net d nhung vi fri khic nhau dgc theo true 
thiu kinh. Nhu viy, camera tdc do cao cd thd 
chyp anh cua vat Ihd vdi toe dd 1000 inh/giay 
tai nhdng vi trf liy net khac nhau dgc theo true 
thiu kinh khi he AIF hoat ddng. 

Hinh 2 md t i giii thuat tao anh loan net 
(ggi tit la inh AIF). Khi vit kinh dugc dich 
chuydn mdt doan SWING, mgt loat inh dugc 
chup tai nhflng vi tri lay net hen ke cua vat the 
cin quan sat. Vi fri liy net tdt nhit cho tiing 
didm anh dugc xac dinh bdi tin sd cue bg cua 
cudng do sang tai vi tti cua diem anh do trong 
tit ca cac inh chup dugc khi vat kinh dich 
chuydn mdt doan SWING {Ohha. et al, 2003). 
De tao dugc anh AIF ttong dd toan bg vat 
quan sit ddu ro net, do sing hay gia tri cda 
tdng didm anh (pixel intensity) cua anh AIF 
dugc liy tu anh cd vi fri liy net tdt nhat ddi vdi 
didm anh dd ttong loat anh dugc chup. Vi tri 
liy net tot nhit cho cic diem anh frong inh 
AIF frong khoing ]^,SWING\ dugc quy 
chuin vd thang do sang didm anh [0,255] vi 
dugc luu tai vi tti cua diem inh do ttong anh 
cao do HEIGHT image. Nhu vay, inh AIF cho 
phep nhin rd vat thd cin quan sat va anh 
HEIGHT luu giu thdng tin vd vj tri cua vit the 
theo true thau kinh (Hinh 3). Tuy nhidn, ddi 
vdi cac vat thd frong sudt (nhieu Ioai td bao, 
tinh thd protein,...), thdng tin vd cao do do he 
AIF mang lai chi cd gii fri dgc theo dudng 
bidn cua cac vat thd (Hinh 3b). 
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Hinh 1: Tdng quan vd he th6ng tfch htfp 

^f~~—~ Gray scale ol 

- ^ * I " f HEIGHT image 

AIF image 

Hinh 2: Mo ta giai thuit tao anh toan net 

(a) (b) 
Hinh 3: (a) Anh toan net (AĤ  image), (b) Anh 
cao d$ (HEIGHT image) ciia tinh thl protein 

frong sudt 

Hinh 4: Djnh nghm cac bf tr^c toa dd 

Dd xac dinh vi fri cda vit thd ttong khdng 
gian 3D, cac he tga do dugc dinh nghia nhu 
Hinh 4. Vat thd dugc nhin dang frong anh AIF 
va vj fri 2D cua vat thd dugc xic dinh bdi toa 
do {x,y) cda didm inh. Vai kich thudc moi 
diem inh AIF la 0.49 [xm, tga dd thyc {X,Y) 
cda vat dugc quy ddi td tga do diem inh 
{x,y) nhu sau: 

(1) 

(2) 

X = x*0A9 (Mm) 

Y = y*(i.A9 (Mm) 

Cho SffWG = {20,4a60,80,100} la 
khoing dich chuydn cua vat kinh. Khoang dich 
chuydn niy dugc quy chuin vd thang do sang 
diem anh [0,255] vi vi tri cua vat thd quan 
sat ttdn true z (true thiu kfnh) dugc tinh td gia 
fri cua didm anh trong anh cao do H nhu sau: 

z^^^^^*SWING (\^m) (3) 

Sd khiirig hinh frdn giay (frame rate) cua hd 
AIF cd thd dugc thay doi bdi thdng s6 
FRAME ^n,2,4,6] nhu sau: 

^'''"'~''^' = FRAm ^̂ > 

Thong s6 FRAME cung anh huong dSn 
do phSn giai hay khoang each giua hai vj tri 
liy net lî n kS M d o c theo true thau kinh 
nhu sau: 

Arf = SWING 
30*FliAME im) (5) 
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Sd khung hinh frdn giiy cao nhit va thip 
nhit cua he tuong ung la 30 va 5 hinh/giay. 
Tdc do tao anh AIF cmg cao, rung ddng do 
piezo actuator tao ra khi vit kinh dugc dich 
chuydn theo chu ky ldn v i xudng dgc theo true 
thiu kinh cang nhidu khi hd AIF boat ddng. 

2.2 He tay gap vi md microhand 

Trong cic ung dung sinh y, cac khiu/diem 
tic dgng cudi (end-effector) lam bing vat lidu 
thdy tinh thudng dugc sd dung vi cd tinh 
tuang hgp sinh hgc (biocompatible). Trong 
nghien cuu nay, mdt he tay gap vi md 2 ngdn 
tay (two-fingered microhand) dugc su dung de 
thao cac cac vat thd vi md cin quan sat (Avci 
et al, 2009). Hd microhand niy dugc dit frdn 
bin soi cua kfnh hien vi (microscope stage) 
(Hinh 1, 5). Khau tic dgng cudi cua he l i hai 
"ngdn tay" dugc tao ra khi keo dai cac thanh 
thdy tinh cung vdi t ic dgng cua nhidt dd didm 
cuoi cua thanh thdy tinh cd dudng kinh vao 
khoing 1 i^m. 

Mgt trong hai "ngdn tay" hay microfinger 
cua microhand dugc didu khidn bdi ca ciu lidn 
k^t song song 3 bic ty do (3-DOF parallel link 
mechanism) (Hinh 5). Ca cau nay cdng vdi 
microfinger cdn l^i dugc gin vdi motorized 
stage 3 bic ty do. Vdi ket cau nay, microhand 
cd thd thao tac frong khdng gian lam vide ldn 
ban nhd motorized stage va thao tac mdt each 
tinh xio nhd vio microfmger dugc didu khidn 
bang parallel link mechanism. 

Hinh 5: Microhand 

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

3.1 Xac dinh vi tri vat thd cSn thao tac 

Trong cac ung dung y sinh, vat the can thao 
t ic la cic don td bao. Do hiu hdt cac vat the 
nay cd dang khdi ciu, cic hat microsphere 
dugc sd dung ttong nghidn cuu nay vi chiing 
cd hinh dang gidng nhau. Vi fri 3D cua 
microsphere dugc xac dinh bdi tim cda khdi 
cau. Vi viy, microsphere dugc nhan dang bdi 
giai thuat nhan dang dudng frdn Hough 
gradient (O'Gorman and Clowes, 1973) va vi 
fri 2D cua microsphere chinh la tam diem cda 
dudng ttdn dugc nhin dang. 

Ggi C la dudng bidn cua hat microsphere 
dugc nhin dang. Dudng bidn nay nam frdn mat 
phing vudng gdc vdi true thau kinh va di qua 
t im cda hat microsphere. Tga do z cda hat 
microsphere dugc xac dinh nhu sau: 

"Cix,y)eC 256 ^' 

Vdi n^ la sd didm anh trdn dudng bien C . 
Giai thuit nay dugc ggi la Contour-Depth 
Averaging vi vi fri z dugc tinh bang trung binh 
gia fri didm anh cua inh HEIGHT co tga dd 
nam fren C . 

3.2 Xac dinh vi tri microhand 

VI microfinger dugc tao bdi keo dai thanh 
thdy tinh dudi tic dung cua nhidt, microfinger 
cd thd dugc nhan dang bdi cic doan thing nam 
dgc theo microfinger frong inh AIF td dd tinh 
ra vi frf ix,y) cua microfinger. Vi tri z cua 
diu microfinger (microfinger tip) dugc xac 
dinh tu gia fri didm inh ttong anh HEIGHT cd 
tga do fren cac doan thing dugc nhin dang 
frong inh AIF. Qui trinh xac dinh vi tri 
microhand gdm cic budc sau: 

3.2.1 Nhgn dgng dogn thang 

Microhand dugc dat theo phuang thing 
dung (phuang y cua anh AIF) va hai 
microfinger hudng vao nhau (Hinh 6). Vi inh 
cda kinh hidn vi cd do siu frudng anh (depth 
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of field) nhd ndn chi mdt phan cua vat the cd 
kich thudc day dugc quan sit ro net. 
Microfinger dugc dat hudng tu fren xudng 
theo true thiu kinh nen chi mgt phan cua 
microfinger cd the dugc nhin ro net tai vi fri 
liy net nhit djiih. Khi microfinger dugc liy net 
tai mdt vung dpc frdn microfinger, vung dugc 
lay net se sang ban vi hinh dang dac tnmg cua 
microfinger khidn mat phang cat microfmger 
va song song vdi true thiu kinh t ic ddng nhu 
thiu kinh hdi tu anh sang. Vi vay, cd 3 vung 
vdi cudng do sang khic nhau dugc tao ra frong 
anh AIF dgc theo microfinger frong dd vung d 
gida CO cudng do sang Idn nhit (Hinh 6a). 

Do inh AIF tdng hgp tat ca didm anh net 
nhat cua v|it quan sit, cac vung sang dgc theo 
microfinger tai tiing vi fri liy net dgc theo true 
thiu kinh tao thanh 3 vdng cd cudng dp sang 
khac nhau dgc theo microfinger va cudng do 

(2013): 61-70 

sing cda vung gida Idn nhit. Vi viy, cd thd 
nhan dang dugc 4 doan thing dgc theo 
microfinger ttong trudng hgp ly tudng. Trong 
4 doan thing dugc nhan dgng dung, 2 doan 
thing nim d bidn cda microfinger dugc ggi tit 
la doan thing bien (border lines). Hai d o ^ 
thing cdn lai nim d giua v i dugc nhin dang 
do su tdn tai cua vung sang trung tim dgc theo 
true cda microfinger. Chdng dugc ggj la doEtn 
thing ben trong microfinger (inner lines). 

Do h?n chd ve tdc do xd ly cda thidt hi 
phin cung cua he AIF, bdng (ghost) cda vat 
the cd thd dugc quan sat trong anh AIF va ttd 
ndn rd hon khi vat the chuyen dgng nhanh. De 
loai bd nhdng doan thing dugc nh^n dang do 
inh hudng cua bdng cda microfinger, ngudng 
vd chi^u dai cda doan thing dugc nhin dang 
dung dugc dat ra. 

o 

(a) (b) 
Hinh 6: (a) Microhand vi h^t microsphere, (b) Cac do?n thSng dvr^e nhain dgng dgc theo microfinger 

3.2.2 Phdn nhom cdc dogn thdng 

Vi cd hai microfinger ttong inh AIF, cac 
doan thing nhin dang dugc dpc theo 
microfinger cin phai dugc xac dinh thudc 
microfinger nao. Vide phin nhdm nay dugc 
thuc hidn dya vio vide xac dinh tga do x cua 
cic diem cudi cd tga do y ldn hon trong 2 
diem cuoi cua mdt doan thing va gii fri trung 
binh xjnidpoint ciia. cic tga do nay. Doan 
thing cd didm cudi vdi tga do y Idn hon frong 
2 diem cuoi cua mdt doan thing dd se thugc 
nhdm microfinger bdn frai ndu tga dp x cua 
didm do nhd ban xjnidpoint. Ngugc lai, doan 

thing do 
(Hinh 7). 

se thudc microfinger ben phii 

x_midpoint x 

Hinh 7: Phin nhom cac dudng thSng dirge nh|n 
dang dira vao toa do true x trung binh 
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3.2.3 Gidi thudt Line-Type Pattern Matching 
di xdc dinh vi tri 2D cua fingertip 

^ He AIF cin it nhat 30 inh chup d cac vi fri 
lay net khac nhau dgc theo true thiu kmh dd 
t?o anh AIF vdi t6c do ldn nliit la 30 khung 
hinh/giiy. He AIF giup ngudi quan sit cd cai 
nhm rd net cac vi vi t thd ngay cd khi vat thd di 
chuyen. Tuy nhien, khi microfinger di chuydn 
nhanh thi vide nhiin dang cac doan thing gap 
khd khin do vi tri microfinger thay ddi frong 
loat anh thu thap dugc trong khoang SWING 
dgc theo true thiu kinh dd tao inh AIF. Cac 
doan thing bien va d ttong microfinger cd 
thd bi dut gay v i vide tim ra 4 doan thing 
die frung cho moi microfinger khdng thuc 
hien dugc. 

Vi microfinger dugc dit theo phuong y va 
vung anh d gida microfinger cd cudng do sang 
Idn nhat, 2 vdng sang con lai cd cudng dp sing 
nhd han cudng do sang cda vung nen inh nen 
cac dogn thing nhin dang dugc cd thd dugc 
phan Ioai nhu sau. Doan thing Ioai "0" ndu 
vung anh ben trai cda nd cd cudng dp sing Idn 
han viing inh ben phai. Ngugc lai, doan thing 
dugc phan loai " 1 " . 

Ggi L], L2, L3, L4 la 4 doan thing die frung 
cho mgt microfmger Ian lugt tii' trai sang phai. 
Doan L|, L4 la doan thing bien. Doan L?, L3 la 
doan thing bdn trong microfinger. Cac doan 
thing nay, dugc phan Ioai nhu Bing 1. Neu 
mgt dogn thing L, nao do khdng thd nhan dang 
dugc do bi ddt gay hay do bdng cua 
microfinger (Hinh 8a) khi microfinger di 
chuydn nhanh, doan thing L, cd thd dugc xic 
dinh dua vao Ioai cua 3 doan thing cdn iai 
trong Bang 2 tu dd xac dinh vi tti cua 
microfmger (Hinh 8b). Giai thusil nay vi viy 
dugc ggi la Line-Type Pattern Matching. 

Bang 1: PhSn loai 4 dogn thang dac tnmg cho 
m$t microfinger 

Bo^n thang Li I^ 1̂3 L4 

Bang 2: Pban logi 3 doan thang dgc trimg cho 
ra^t microfinger khi thidu mdt dogn 
thang dac trimg 

Doan thang 
thieu 

V
^
 ̂

 ̂
 

bi Boan 
1, 
1 
0 
0 
0 

thang 
I2 
0 
0 
1 
1 

I, 
1 
1 
1 
0 

T .nai doan thang 1 

Hinh 8: (a) Cac dogn thang dirge nhSn dang, (b) 
Vi trf fingertip cua microfinger dang dich 

chuyen vdi toe dg 100 ^m/s 

Khi cac doan thing thda didu kidn phin loai 
bing giai thuit Line-Type Pattern Matching, 
tga do y cua fingertip cda mdt microfinger 
dugc xic dinh bdi tga do y cua diem ttdn 
ciing cua cac doan thing die trung cho 
microfinger dd. Tpa dd x cua fingertip dugc 
bang each the tpa dp y vua tim dugc vao 
phuang trinh doan thing L2 hoac L3. 
3.2.4 Xdc dinh toa do z ciia fingertip 

Khi tim dugc tpa dp i^f{jjiyfi„) cua 

fingertip, tga do Z cd thd tim theo cong thdc 
(3). Vi anh HEIGHT rat nhieu ndn viec xac 
dinh tga dd z chinh xac han dugc thyc hidn 
nhd vao gdc nghieng c£ia microfinger. 

Tga do Z cda fingertip cd thd xic dinh tu 
doan thing bien L| hoac L4 nhung de giim 
nhidu do hien tugng bong md trong inh AIF, 
tga do Z cua fingertip dugc tim td doan thing 
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Ll hoac L3 nhin dang dugc frong inh AIF. Tga 
do cda 80 didm anh ttdn mdt ttong hai doan 
thing niy d vung fingertip dugc thu thip. Vdi 
kich thudc mdi didm anh la 0.49 jmi va do 
microfinger tao vdi true y mgt gdc nho (Hinh 
6), so Iugng didm inh niy tuong duong vdi 
khoing cich ft nhit l i 40 pm frdn mat phing 
(x,y). Vi mdi microfinger hgp vdi mat 
phing {x,y) mgt gdc it nhit la 15", so Iugng 
didm anh nay dd Idn va tuong duong vdi mgt 
vung fingertip du dai dd tinb vi tri cua dau mdt 
microfinger. Gia fri ciia 80 diem anh niy trong 
inh HEIGHT dugc sd dung dd tim dudng hdi 

quy (Hinh 9). Dudng hdi quy nay cho thiy gdc 
nghidng cua microfinger hgp vdi mat phang 
( x , y ) , mang thong tin tga do Z cua fingertip 
tai tga dp thap nhit cua nd nhd dd giam dugc 
sai sd do nhieu trong anh HEIGHT. 

Do micropipette (6ng hdt vi th^) cd the 
dugc chd tao gidng nhu microfmger va cimg 
hinh dang cung nhu vat iidu, phuang phap 
Line-Type Pattern Matching dugc de xuSt 
frong nghien cuu nay cung cd th^ dugc dng 
dung dd tim vi tri dau hut (tip) cua 
micropipette. 

II(x,yn ll{x,yy-

^ ^ fitted line i 

0 ^ — » 0 ^ ^ 

(a) _ (b) 
Hinh 9: Gia trj diem anh ciia anh HEIGHT doc tbeo dogn thang bdn trong microfinger ben trai (a) va 

ben phai (b) khi setup thi nghifm. Dirdng hdi quy (fitted line) dirge tinh tir gii tri ciia 80 diem anh 

4 G A P THA TV*DONG CACHET 
MICROSPHERE DA KICH THlTdC 

He AIF dugc tich hoji vdi kinh hidn vi 
Olympus 1X81 sd dyng chd dp quan sit bright 
field vdi vat kinh Olympus LUCPIan-FLN 
20X/0.45na Phi dd cd thd quan sat vat thd 
dugc t6t frong khoang tu 10 den 100 pm. Vi 
phii dit trudc cic thdng so cho he thdng trudc 
moi thi nghiem, thdng sd cua he AIF dugc dat 
la SWING=io pm FRAME =2 dd dat dugc 
do phin giii thich hgp Ad = 1.3 Mm ddi vdi 
cic vat the co kich thudc mong mudn td 10 
ddn 100 [im. 

Dd frinh didn khi nang tim dugc vi tri 3D 
cua microhand va cac doi tugng vi md UTig 
dung trong ITnh vyc sinh y khi cin thao tac ty 
dpng cac ddi tugng nay, thi nghiem gip thi ty 

dpng cac hat microsphere cd kich thudc khae 
nhau dugc thyc hien. Trong thf nghidm niy, 
microhand dugc dat each hat microsphere d 
khoang each 100 pin. Do thi nghidm gip va 
tha dugc thyc hidn de khio sit tinh khi thi cda 
giai thuat ndn hat microsphere dugc thi ngay 
frong trudng quan sit. Vi viy trong trudng 
quan sit nay, chi cd mdt vai hat microsphere 
dugc giu lai. Thi nghidm dugc thyc hidn fren 
mpt hgt microsphere phu hgp vdi khoang cich 
td ddi tugng ddn microhand da dinh trudc 
(Hinh lOa). 

Vi frf 3D cda hai microfinger va 
microsphere dugc tim bin^ giii thuit da md ta 
d frdn. Tuy nhidn, viec thiet lap thf nghidm vdi 
dieu kidn dau la hai microfinger cd cung tga dd 
Z rit khd nen qua frinh cin chinh vi tri Z cda 
microfinger dugc thuc hidn ty dgng. Sau do, 
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chu ky gap tha mdt hat microsphere didn ra 
nhu sau: 

Budc 1: Md rgng hai microfinger de khoang 
each cua chdng ldn hem dudng kinh 
cua hgt microsphere khoing 5 pm. 
Didu khidn microhand tiep can hgt 
microsphere. Sau khi thuc hidn xong 
budc I, hat microsphere se d giua hai 
microfinger chuan bi cho thao t ic 
fidp theo. (Hinh 10c). 

Budc 2: Hgt microsphere dugc kep giua hai 
microfinger bing cich didu khidn 
microfinger ben phai mdt khoang 

each Ax = —lOpmde microsphere 
dugc giu chat giua hai microfinger. 
Hat microsphere sau do dugc gap ldn 
khoang cich Az gan bang kich 
thudc hat microsphere. (Hinh lOd). 

Step 3: Hat microsphere dugc van chuydn 
mgt khoang Ax==100 Mm tinh tu 
vi fri ban diu (Hinh lOe). 

Step 4: Hat microsphere dugc dat xudng vi 
tri mong mudn va microfinger ben 
phai dugc dich sang phii dd tha hat 
microsphere (Hinh lOf). 

Hinh 10: (a) Setup thi nghidm. (b) Can chinh vj trf z ciia hai microfinger. Chu ki gap-tha vgt the: (c) 
Tilp can (d) gip, (e) van chuyen, (f) dgt vgt the tai vi tri mong mudn 

Bang 3: Ket qua gap-tha t?' dong cac hgt 
microsphere vdi c^c kich c& khac nhau 

Loai microsphere ^96 jim ^55 pm >̂20 p.m 
Ti Id tfianh cong 90% 80% 74% 

Kdt qua gip-tha cic hgt microsphere vdi 
nhidu kich thudc khic nhau vdi 20 phep thd 
dugc lidt kd d Bing 3. Ti Id thanh cdng giim 
ddi vdi cac microsphere cd kich thudc nhd 
hon. Dieu niy cho thay do phan giai cua he 

AIF cd thd khdng phu hgp ddi vdi hgt 
microsphere kich thudc nhd. Thi nghiem dugc 
thuc hidn vdi do phin giii cd dinh khi in dinh 
thdng sd SWING=i,Q pm ngay td diu dd dat 
dugc do phan giai phd hgp ddi vdi cac loai vat 
the cd kich thudc khac nhau frong khoing tu 
10 Jim ddn IOO ^m. Tuy nhien, do phan giai 
cua he thdng cin dugc cii tidn qua vide didu 
chinh thdng sd SWING de tang do chinh xac 
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khi dinh vi cac vat thd cd kich thudc nhd ban. 
Ngoii ra, rung ddng do piezo actuator gay ra 
khi dich chuydn vat kinh mgt khoing dai 
(5^/VG=80 pm) Idn nen cd thd cd anh hudng 
Idn ban ddi vdi cac hgt microsphere cd kich 
thudc nhd hon. Vide tha hat microsphere cd 
kich thudc nhd each thy ddng ddi khi khd thyc 
hien do hat microsphere dd dang bi dinh vio 
diu cua microfinger. Didu niy cung lam giim 
kha nang gip thi thinh cdng hat microsphere 
cd kich thudc nhd ban, 

Thdi gian trung bmh cin thidt dd xac dinh 
vi fri cua ddi tugng va microhand lin lugt la 
28 ms v i 340 ms. Tuy he thdng chua dap dng 
dugc thdi gian thyc nhung vide xic dinh vi fri 
cua ddi tugng va microhand chi thyc hidn mpt 
lan va dd nhanh trudc khi bat dau m6t chu k^ 
gip tha. Do microhand dich chuyen vdi tdc do 
100 pm/s v i dugc dit cich ddi tugng can thao 
tic khoing IOO ^ , thdi gian cin thidt dd gip 
doi tugng chl mit khoing 1.5 s, nhanh gin gap 
doi so vdi vide su dung micropipette (Lu et al, 
2010). 

Cho den nay, chua cd nghien cdu nao 
tuang tu ve vide dinh vi ci doi tugng va ca cau 
chap hanh de gap thi true tidp cac ddi tugng td 
bao ridng Id da kich thudc mdt cich ty dpng. 
Vide gap tha cic te bao tiiong tiiudng dugc 
thyc hidn bing micropipette vdi dudng kfnh 
diu hut phu hgp dd hut hay gid cac vat thd cd 
kich thudc mong mudn xic dinh. Vi vay, vi fri 
cic td bao c6 thd udc lugng dugc mdt each 
tuang ddi va vide dinh vi micropipette chi can 
thyc hien mot lin (Wang et al, 2007). Tuy 
nhidn, vide sd dyng micropitpette gap khd 
khin frong cic dng dung ddi hdi phai thao 
tac nhidu doi tugng la te bao cd kfch thudc 
khac nhau. 

5 KETLU^NVADEXUAT 

Bii vidt niy gidi thidu he thdng AIF dugc 
sd dung hieu qui frong vide quan sat cac vat 
the vi md theo each thuc loan the vat quan sat 
deu dugc ro net. Giai thuit AIF cung cung cip 
thdng tin chidu siu cua vat thd qua dd vide tich 
hgp hd AIF vdi co ciu chip hanh vi md cd thd 
giup ty ddng hda khiu thao tic ty dgng cac vi 
vit thd nhu cac don bao, vi sinh vat. 

Bii vidt da dd xuit giai thuat tim vi tri 3D 
cua vat the can thao tac va didm dau cudi cda 
ca cau chap hanh (end-effector). Vgt thd cin 
thao t ic la hat microsphere vi hat microsphere 
frong sudt va hinh dang cua chdng gidng cac 
don bao. End-effector la hai microfinger ciia 
mdt ca ciu gap tha microhand. 

Thi nghidm gip tha bang microhand vdi 
cac hat microsphere cd kich thudc khac nhau 
da dugc thyc hien dd chdng minh tinh khi thi 
cua giii thuit dd xuat. Ti Id gap tha thanh cdng 
cac hat microsphere nhd han vdi cic hat 
microsphere nhd. Vide hdi tidp kich thudc cua 
hat microsphere dugc nhin dang de tinh chinh 
thdng s6 SWING cua he AIF se cai thidn dugc 
dd phan giai cua he AIF tu dd cii thidn d6 
chinh xac khi dinh vi cac vat the nhd hon va 
tang ti Id thao tic thanh cdng vi he AIF hidn tai 
chua cd chdc ning nay. Hon nua, vide dieu 
chinh nay cung giup lam giim thilu rung dpng 
cda he vi vit kinh chi dugc dich chuyen mpt 
khoang nhd ban khi ddi tugng thao tic cd kich 
thudc nhd han. 

Giai thuit Contour Depth Averaging co the 
dugc ap dung cho nhidu logi Id bio hay vi sinh 
vit cd hinh dang khdi ciu. Giai thuat Line-
Type Pattern Matching cung cd the ung dung 
cho micropipette vi chung cd hinh dang va 
cich chd tao gidng microfinger. Vdi vide tich 
hgp he AIF va ap dyng cac giai thuat vua dd 
xuat, vi fri 3D cua ddi tugng cin thao t ic va 
cua end-effector cd thd dugc tfnh toan cho vide 
ty ddng hda cac khau didu khidn, thao tic cic 
vi vit the nhu cic dan bio, vi sinh vat frong 
khi quan sit chung dugc rd net, gdp phin cho 
su phit ttidn cua nghidn cdu y sinh. 
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