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ABSTRACT

When using common light microscopes, focusing is usually performed
manually therefore it is time consuming and eye fatigue may be caused
after a period of focusing especially through the microscope eyepieces.
One solution to this problem is using an autofocusing system based on
images of the observed object at consecutive focusing positions along the
optical axis of the microscope. In order to design this autofocusing system,
this study aims to evaluate well-known autofocus algorithms. A number of
eight autofocus algorithms were evaluated with two sets of coconut fiber
and algae images that had been captured using an available inverted light
microscope with an 10x objective lens. Experimental results showed that
the algorithm using autocorrelation as the focus measure function
outperformed other algorithms and could be implemented in an
autofocusing system.

TOM TAT

Viéc ldy nét ¢ cdc logi kinh hién vi quang hoc thong dung thwong duogc
thuc hién thi cong nén mdt nhiéu thoi gian va gdy moi mat cho nguoi si
dung. Gidi phdp cho vin dé nay la sir dung mot hé thong cé thé diéu chinh
lcfy nét tw dong dwa vao cac anh chup cia mau vt quan sat tai cdc vi tri
lcfy nét lién ké doc theo truc quang hoc. Pé tai thuc hién danh gid mot 56
gidi thudt ldy nét te dong thong dung dé c6 thé hra chon gidi thudt phi
hop cho viéc thiét ké hé thong diéu chinh ldy nét tich hop vira néu. Tam
giai thudt phcf bién di dwoc danh gid dwa trén hai bo anh soi so dira va
soi tdo dwoc chup khi quan sdt boi kinh hién vi quan sdat ngwoc véi thdu
kinh c6 do phong dai 10x. Két qua cho thcfy gidi thudt sw dung ham tu
twong quan dé xac dinh do net cho két quad 16t va cé thé dwoc s dung cho
hé thong diéu chinh ldy nét tr dong.

Trich din: Nguyén Chanh Nghiém, Vin Pham Pan Thiy, Tran Nhyt Thanh va Nguyén Chi Ngon, 2016.
Panh gid rpét 0 giai thuat lay nét tu dong cho kinh hién vi quang hoc. Tap chi Khoa hoc Truong
Pai hoc Can Tho. 45a: 20-27.

1 GIOI THIEU

quan sat cac t€ bao, vi sinh vat ¢o6 kich thudce tir vai

Kinh hién vi 1a mét cong cu quan trong ding dé
quan sat cac vat thé vi moé ma mét thuong khong
nhin théy dugc. Trong khoa hoc sy séng, cac kinh
hién vi quang hoc théng dung dic biét 1a kinh hién
vi quang hoc quan sat ngugc thudong dugc ding dé
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chuc dén vai trim micro mét tuy thudc vao do
phong dai cua vat kinh. Dbi twong quan sat cang
nho, d6 phong dai cua vat kinh cang 16n dan den
d6 sau truong anh nho. Vi thé, quan sat vién can
nhiéu thoi gian tinh chinh khoang cach gitra vat
kinh vé&i di tugng quan sat dé ¢ thé quan sat mau
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vét rd nét nhat. D& nang cao hiéu suit cho nguoi sir
dung kinh hién vi théng qua viéc giam thoi gian
tinh chinh 14y nét d6i twgng can quan sat (thay doi
vi tri vat kinh dé anh quan sat dugc rd nét nhat),
nhiéu giai phap ldy nét ty dong cho kinh hién vi
dung cong nghé xtr Iy anh duoc dé xuét. Cac giai
phap nay thong thuong qua cac cong doan: Dung
camera thu thap b anh cua mAu vat can quan sat &
cac ving lay nét khac nhau doc theo truc quang
hoc cua kinh hién vi, tim anh rd nét nhat trong bo
anh thu thap duoc, va sau cung la diéu chinh ving
ldy nét cua vat kinh dén dang vung iy nét tuong
{mg v6i anh 16 nét nhat da tim dugc.

Dé c6 thé x4c dinh anh rd nét nhét cua vat can
quan sat trong bd anh thu thap tai cac ving lay nét
khac nhau doc truc quang hoc cua kinh hién vi,
nhidu giai thuat va cac nguyén tic lya chon giai
thuat pht hop da dugc dé xuit cho cac ddi twong
quan sat khac nhau bang cac phuong phap quan sat
khac nhau nhu trudng sang hay truong t6i (Groen
et al., 1985; Sun et al., 2004). Céac giai thuat nay
déu xay dung mot ham toan hoc sao cho ham dat
cuc tri dbi voi anh rd nét nhat. Mot ham toan hoc
Iy tudng cho viéc léy nét la mot ham don cuc tri,
nghia 1a chi c6 mét gia tri cuc dai hodc cuc tiéu d6i
v6i bo anh thu thép tai cac ving liy nét khac nhau
doc theo truc quang hoc (Groen et al., 1985).

Hau hét cac giai thuat phd bién cho viéc diéu
chinh nét ty dong déu chon xay dung ham d¢ nét
véi mong muén ham dat cuc dai véi anh 13 nét
nhit ctia mau vat. Két qua thuc té cho thy khong
c6 mot giai thudt nao t6i wu cho moi truong hop.
Cac ham do nét dugc chon c6 thé 1a da cyc trj va
cling ¢6 truong hop dat cuc dai dbi v6i anh thu
thap tai gén vi tri cho anh rd nét nhat (Krotov,
1987; Groen et al., 1985; Sun et al., 2004). Trong
mot s6 truong hop, ham do nét ¢ thé khong dat
gia tri cuc dai hodc khong cd sy chénh léch 16n
gitra gia tri cyc dai vai cac tri 1an can (Groen et al.,
1985).

Dé tai thuc hién danh gia cac giai thuat 14y nét
thong dung dya trén bd anh sg¢i so dira va sgi tao
duoc chyp véi kinh hién vi quan sat ngugc hién co
trong cic phong thi nghiém bing phuong phap
quan sat truong sang. Két qua danh gia cac giai
thuét nay s€ 1a co s& cho viéc chon lya giai thuat
diéu chinh ldy nét phu hop dé thiét ké bo diéu
chinh 14y nét tu dong cho cac loai kinh hién vi
quan sat ngugc thong dung hién c6 & nhiéu phong
thi nghiém.

2 GIAI THUAT TiM ANH RO NET

Céc giai phap tu dong lay nét théng thudng qua
cac cong doan: Thu thap bd anh ciia mau vat can
quan sat & cac vi tri 1ay nét khac nhau doc theo truc
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quang hoc cta kinh hién vi, tim anh rd nét nhat
trong bo anh thu thap dugc, didu chinh vung lay
nét ciia vat kinh dén dung ving ldy nét twong tmg
v6i anh rd nét nhat da tim duoc.

Nhiéu giai thuat tim anh rd nét trong bd anh thu
thap dwoc & cac vi tri 1y nét lién ké di dwoc dé
xudt. Mot giai thuat Iy twong can dé xuat mot ham
d6 nét sao cho ham dat gia tri cuc dai vdi anh rd
nét nhat (twong tmg véi vi tri iy nét tot nhat) va co
gia tri giam dan d6i vé6i cac anh thu thap tai vi tri
xa dan vi tri 1dy nét tot nhat. C6 18 giai thuat pho
bién dd dugc kiém tra va so sanh trong nhiéu
nghién ctru va dugc chia thianh bén nhom giai thuat
(Sun et al., 2004). Trong pham vi nghién ciru nay,
cac giai thuat thudc cac nhom sau dugc khdo sat.

2.1 Nhom gidi thuat dua trén gia tri dao
ham

Y tuong cho viéc xac dinh do nét cua anh la
anh cang rd nét s& c6 nhiéu ndi dung co tan sb cao
(Krotkov, 1985). Nhom gidi thuat dua trén gia tri
dao ham xuét phat tir y tuong nay. Anh cang rd nét
thi canh cang sic nét nghia 1a c6 nhiéu thanh phan
tan sb cao. Céc gia tri dao ham s€ phan anh d6 st
nét cua cac canh trong anh, thong qua d6 phan anh
duogc d6 nét cua anh.

2.1.1 Gidi thudt sw dung gia tri gradient tuyét
doi vieot nguong (Santos et al., 1997)

Giai thuat nay tinh téng tri tuyét ddi cua dao
ham béc 1 tai timg diém anh khi gia tri dao ham
vuot mdt ngudng & theo cong thirc:

H-Aw-1

yZ::() xéo |i (x +1, y) —i (x,

voi ‘i(x+l,y)—i(x,y)‘26’, i(x,y)

cuong d6 muc xam cua diém anh tai toa do (x, y) ,

Fth_grad - y)| M

la

Hva W lan luot 12 chiéu cao va chiéu rong cua anh
i.

2.1.2  Gidi thudt str dung binh phwong gia tri
gradient (Santos et al., 1997)

Giai thuat nay tinh tong binh phuong gia tri
gradient nén cac gia tri gradient 16n s& anh huong
nhiéu dén giai thuit. Giai thuit nay st dung cong
thure:

H-1W-1

Yq grad ZZ( x+1 y

y=0 x=0

véi (i(x+1,y)—i(X,y))2 >0, i(x,y)

1a cudng do mirc xam cia diém anh (x, y) , 0 1a

i(x)) @
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gia tri ngudng, H va W 1an luot 1a chidu cao va
chiéu rong cta anh i.

2.1.3 Gidi thudt sw dung Tenenbaum gradient
(Tenengrad) (Yeo et al., 1993, Krotov, 1987)

Gidi thuat nay thuc hién tich chap anh v6i toan
ta Sobel, sau do6 tinh tong binh phuong céac thanh
phan véc-to gradient theo cong thirc:

(sx (v.0) +5, (x,y)z) 3)

voi S (x,y) va S (x,y) lan luot 1a hai

H-1w-1
z X

FTenengrad - $=0 x=0

anh két qua tir phép toan tich chap véi toan tir
Sobel theo hudng x (hudng ngang) va theo hudng
y (huéng doc), H va W lan luot 1a chidu cao va
chiéu rong cua anh i.

2.1.4 Gidi thudt sit dung tong gid tri Laplace
hiéu chinh (viét tat la SML) (Nayar va
Nakagawa,1994):

Giai thuat nay tinh tong do 16n gia tri coa
phép toan tich chdp anh vdi toan tir Laplace theo
cong thuce:

voi L (x,y) va L, (x,y) lan lugt 1a hai anh

H-1W-1
Fou = 4)
y=0 x=0

xy +|L xy|)

két qua tir phép toan tich chap véi toan tir Laplace
theo huéng x (huéng ngang) va theo hudng y
(hudng doc), H va W lan luot 1a chiéu cao va chiéu
rong cua anh i.

2.1.5 Giai thudt gia tri nang lwong Laplace
(Subbarao et al., 1993)

Giai thuat nay thuc hién tich chap anh i(x,y)

vGi mat na
-1 -4 -1
-4 20 -4
-1 -4 -1

dé tinh dao ham béc hai C (x, y) . Gia tri sau

cung 14 tong binh phuong cua gi4 trj két qua phép
toan tich chap tinh boi cong thic:

H-AwW—- 1(( ))2 5)

F =
energy Laplace yZO xZO
véi H va W lan luot 1a chiéu cao va chiéu rong
cua anh i.
2.2 Nhoém giai thuét dya trén thong ké

Nhom giai thuét dua trén théng ké thuong it bi
anh huong boi nhiéu hon nhoém giai thuat dua trén
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gia tri dao ham. Nhom giai thuat nay xac dinh anh
rd nét st dung gid tri phuong sai va tuong quan.
Giai thuat thudc nhom nay dugc quan tdm trong dé
tai la giai thuat st dung phuong sai (Groen et al.,
1985; Yeo et al., 1993) va giai thuat st dung gia tri
tu trong quan (Vollath, 1987, 1988).

2.2.1 Gidi thuat swr dung phwong sai (Groen et
al., 1985, Yeo et al., 1993)

Giai thut nay tinh sy thay ddi trong mirc x4m
giita cac diém anh. Gii thudt st dung ham ning
luong dé khuéch dai nhimng sw khac biét giita gia tri
cuong do sang voi gia tri cuong do sang trung binh
4 cta dnh theo cong thirc:

| H-W- 2
Foariance = W yé() xé() (i(x,y) - ,u) (©)

v6i H va W l1a chiéu cao va chiéu rong cua
anh i.

2.2.2 Gidi thudt sw dung gid tri tw twong quan
(Vollath, 1987, 1988)

Giai thuat str dung gia tri twong quan dé tinh do
nét cua anh theo cong thirc

H-1w-1
Fauto_corr: Z_: )E ( )i(x+l,y)
H-1w-1 @
-3 % i(xy)i(x+2,y)
y=0 x=0

voi H va W 1a chiéu cao va chiéu rong cia
anh i.

2.3 Giai thuat dua trén histogram

Nhom gidi thudt nay sir dung histogram / (k),
mot biéu do thé hién sé lwong diém anh c6 cudng
do anh k c6 trong mot birc anh, dé phan tich sy
phén bo va tan so6 cuia cuong do sang cua anh.

Trong nghién ctru nay, chi cé “giai thuat su
dung day cuong d¢ sang” (Firestone et al., 1991)
trong nhom giai thuat dya trén histogram duogc
khao sat. Giai thudt nay tinh sy khac biét giita cac
mirc d6 cuong do sang cao va thap trong anh theo
cong thuec:

= max (4 (k) > 0)—min (4 (k) >0) (8)

3 THI NGHIEM KHAO SAT GIAI
THUAT TiM ANH RO NET

£ range

Dé c6 thé Iya chon giai thudt thich hop cho hé
thong diéu chinh 14y nét ty dong cho kinh hién vi
quang hoc, hai by anh ciia hai mau vat khac nhau
duogc thu thap dé danh gia va lya chon giai thuat
tim anh rd nét nhat.
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Bo anh s¢i so' dira: gdbm 31 birc anh co kich
thudc 640x480 dugc chup boi hé kinh hién vi
Nikon EPIPHOT 200 str dung camera D-Fil. Vit
kinh c6 d§ phong dai 10x. Cac anh dugc chup &
nhitng vi tri 1y nét khac nhau doc theo truc quang
hoc cua kinh hién vi khi dich chuyén vat kinh mot
khoang cach 1 um sau mdi lan chup. Mot )
anh chup tai cac vi tri khac nhau dugc trinh bay &
Hinh 1.
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Bo anh sgi tdo: gdm 40 birc anh c6 kich thudce
2048x1536 dugc chup boi kinh hién vi Lieder
MC8102 sur dung camera Amscope MU300. Vat
kinh c6 d§ phong dai 10x. Cac anh dugc chup &
nhitng vi tri 1y nét khac nhau doc theo truc quang
hoc ctia kinh hién vi khi dich chuyén vat kinh
mot khodng cach 5 um sau mdi 1an chup. Mot sb
hinh anh rd nét trong bd anh nay dugc trinh bay &
Hinh 2.

Hinh 1: Mt s6 anh ciia b anh soi so dira v6i sé thir tw ciia anh 13 6 (a), 11 (b), 16 (c), 21 (d)
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Céc giai thuat dugc thir nghiém trén bd anh dé
tim ra anh rd nét dugc lua chon tir cdc nhom gidi
thuat khac nhau dugc trinh bay trong muc 2. Céc
giai thudt duogc chon danh gia trong nghién ctru nay
Bang 1: Cac giai thuit dwge khio sat trong dé tai
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(d)
Hinh 2: Mt s6 anh ciia b anh sgi tio véi sé thir tw ciia anh 1a 1 (a), 19 (b), 23 (c), 40 (d)
4 KET QUA

duoc dat tén lai cho tién viéce chi thich va dugc liét
ké & Bang. Gia tri tra vé cua ham dd nét cua céc
giai thuat thyc hién trén cac b anh déu dwoc chuin
héa vé khoang [0,1] dé c6 thé biu dién trén clng
do thi.

Tén gidi thuat

Tén van tat dugc sir

dung trong khio sat Nhém giai thujt

Giai thuat st dung gid tri gradient tuyét d6i vuot ngudng F1
Giai thuat s dung binh phuong gia tri gradient F2 o

AL . Nhom giai thut dua
Giai thuat str dung Tenenbaum gradient F3 N .

o , o ) trén gia tri dao ham
Giai thuat s dung tong gia tri Laplace hiéu chinh F4
Giai thuat gia tri nang luong Laplace F5
Giai thuét str dung phuong sai F6 Nhom giai thudt dua
Giai thuat su dung gia tri tu tuong quan F7 trén thong ké

s F8 Giai thuat dya tré
Giai thuat st dung day cuong do sang .1a1 vt dua fren

histogram

Pbi v6i bd anh soi so dira, céc giai thuat co
ham dd nét cho nhiéu dinh, khong c6 hodc co cac
dinh c6 do khac biét thép 0 v&i cac diém lan can
gom giai thuat F1, F2, F4, va F5. D6 thi ham d¢ nét
da chuén hoéa cua cac giai thuat nay dugc thé hién &
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Hinh 3. Céc giai thuat c6 ham d¢ nét c6 it dinh va
c6 su khac biét du lon gitra gia tri tai dinh va cac
diém lan can dugc biéu dién trén cung dd thi ¢
Hinh 4. Nhom giai thuit nay cho cac dinh trong
lan can anh c6 thir ty tir 9 dén 12 va phu hop véi
thuc té.



Tap chi Khoa hoc Truong Dai hoc Can Tho

Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 45 (2016): 20-27

1,2
- 1 A A o000
Q < B.0.0..0.0.-0-0-0-09-0 = dnd
(el o S N X X% oo P 4
%. . Ej._;-;:';-:_'—".~’—:.:-’-:"-‘-"‘-+-.--’--'
£ 08 |g.0-0-0® " # SN
= A E ®---F1 --¢--F2
7 H P

= 06 DA P
S Y *>-o-¢ : A A F4 ek F5
~ : L R
§ 04 (U S ¥
g7 A A P
- AR Ll
ﬁ 0,2 2 A “A H A
S A wo it SN A

0 'a A A-A hk-A A-A-hh A ‘A

12345678 91011121314

A

/ %€,1617‘18 19202122232425262728293031

SO thir tu hinh

Hinh 3: D6 thi két qua ciia nhém giai thuat cho két qua khdong tét dbi voi bd anh sgi so dira
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Hinh 4: Db thi két qua ciia nhém giai thuat cho két qua tot ddi véi b anh sgi so dira

Dbi v6i bd anh soi tao, cac giai thuat F3 va F5
cho két qua khong tot vi ham do nét c6 qua nhiéu
dinh va d thi khong lién tuc (Hinh 5). D6 thi ham
dd nét cua cac giai thuat con lai dugc thé hién ¢
Hinh 6 cho thay giai thuat F6 cho két qua khong
chinh xac trong khi cac giai thuat con lai déu cho
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két qua trong 1an can anh c6 sb thi ty tir 18 dén 23
va phil hop véi thuce té quan sat.

Tir két qua danh gia giai thuat qua hai b anh,
dé tai chon giai thuat F7 (Giai thuét st dung gia tri
tu twong quan) cho viéc didu chinh 1iy nét tw dong
vi giai thuédt c6 ham d§ nét c6 tinh phan biét cao
hon vé&i d6 dde 16m hon.
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Hinh 5: Db thi két qua ctia nhém giai thuat cho két qua khong tét ddi véi bd anh sgi tao

1,2
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Hinh 6: D6 thi két qua ciia nhom giii thuat cho két qua tot ddi véi bd anh sgi tao

5 KET LUAN VA PE XUAT

Tinh nang lay nét tu dong thuong duge xay
dung san trong cac loai kinh hién vi ‘quang hoc cao
cap, co gia thanh cao. Tuy nhién, phan 16n cac kinh
hién vi quang hoc théng dung dang su dung pho
bién lai khong c6 tinh ning nay. Dé c6 thé thiét ké
thanh cong hé théng 1iy nét ty dong c6 thé tich hop
v6i cac loai kinh hién vi quang hoc sin co, dé tai
da danh gia tam giai thudt thong dung cho viéc
diéu chinh nét tw dong. Thi nghiém dugc thyc hién
v6i hai b anh sgi so dira va soi tao dugc chyp khi
quan sat boi kinh hién vi quan sat nguoc s dung
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thdu kinh c6 d6 phong dai 10x. Giai thuat liy nét
st dung ham d¢ nét l1a ham ty tuong quan da cho
két qua tot va co thé dugc s dung cho hé thong
diéu chinh l4y nét tu dong.

LOI CAM TA

Nghién ctru dugc thuce hién dudi sy hd trg kinh
phi tir P& tai Khoa hoc Cong nghé cap Truong,
Trudng Pai hoc Can Tho (Ma d& tai: T2015-11).
Nhém tac gia xin cam on TS. Nguyén Vin Khai —
Bo mén Co khi — Khoa Cong nghé, thiy Nguyén
Hoang Hung — Xuwong Thiét bi Truong hoc —
Trung tim Nghién ctru va Ung dung Cong nghé —
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