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TOM TAT

Ky thudt ma hoa mat song la mot cong cy manh nham muc dich mé rong do sau truong o hé
thong quang hoc. Tuy nhién, cdc dnh thu nhén trén dau thu thuong bi nhoé nén can img dung
qua trinh xw Iy khoi phuc anh r6 nét. Trong bai bdo nay, chung toi trinh bay mot phwong phap
khéi phuc anh bang phin loc Winner cho mét kinh hién vi quang hoc véi ki thudt ma hod mdt
song. Mo hinh thiét bi thi nghiém da dwoc xdy dung. Két qua thuc nghiém da thu nhén duoc. Két
qua anh khoi phuc co chat lwong gan anh thu nhdn dwoc tai vi tri anh tot nhdt cia kinh hién vi
quang hoc truyén thong.

Tiur khoa: Ma hod mat séong; Khoi phuc dnh nhog; Hién vi quang hoc.
1. PAT VAN PE

Kinh hién vi quang hoc 12 mét thiét bi quan trong dung dé quan sat va thu nhan hinh anh cua
cdc mAau Vvat co kich thuoc nhé va dugc trang bi pho bién & tat ca cac bénh vién, phong nghién
ctu y sinh,... V&i mot kinh hién vi c6 khau do sb (NA) xdc dinh, d6 sau truong va do phan giai
ngang la hai thong s6 rat quan trong, phan anh chat luong ciing nhu kha ning quan sat cac mau
vat nho cua thiét bi. Trong khi d6 sau truong xac dinh khoang khéng gian doc truc cho hinh anh
sac nét thi do phan giai ngang lai dai dién cho khoang cach nho nhat ma ngudi quan sat con phan
biét dugc [1]. Vi bude song anh sang A va khau do sé NA, do sau truong cua kinh hién vi bang
20/NA? va d6 phan giai ngang bang 0,61A/NA [2]. C6 thé thay rang, khi khau do s6 NA 16n thi
gié tri d6 phéan giai ngang cua hé nho tuong tng véi kha nang phén giai cao, tuy nhién, do sau
treong lai nho dan dén do sau quan sat anh rd nét bi han ché. Nguoc lai, v6i hé c6 khau do sé6 NA
nho, d sau truong I6n cho phép quan sat vat ro nét trong ving c¢6 do sdu khdng gian 16n, nhung
kha nang phan giai kém.

Qua trinh quan sat mau thuong duoc thyc hién theo hai buéc. Budc mét, chiing ta sir dung vat
kinh hién vi voi gia tri NA thip dé quan sét, tim kiém khu vuc mau can quan tam. Vat kinh hién
Vi voi gia tri NA thap c6 thi gisi rong, do sau trudng Ién, nén thuan loi cho tim kiém khu vuc
MAU Can quan sét. Tuy nhién, d§ phan giai cia nd thap nén mirc do chi tiét mau chua dugc rd
rang. Dé nhin 3 chi tiét phan mau da dinh vi, ching ta can chuyén sang st dung vat kinh hién vi
V6i gid tri NA cao. Tuy nhién, d6 sau trudng caa vat kinh hién vi nay thuong ngan. Do vay, quan
sat cac mau day thi do day caa mau thuong I6n hon d6 sau truong cho nén anh thu duoc s& ¢é
phan rd nét va phan mo nhu chi ra ¢ hinh 1(a). Cac phan mau nam trong do sau truong sé ¢ anh
sac nét, trong khi cac phan mau nam ngoai do sau truong s& co chat lugng thap.

Phuong phap ma hoa mit song duoc gidi thiéu lan dau tién vao nam 1995 cho phép mé rong
do sau truong [4-10]. 0 phuong phap nay, mét thanh phan mé& hda mat song s€ dugc dua thém
vao hé théng quang hoc truyen thong. Hinh 2 biéu dién so db cua mot hé thdng quang hoc ma
hoa mat song. Thanh phan ma hda mat séng c6 chirc ning lam thay d6i mat séng cia hé théng
quang hoc nham muc dich thu dugc cac anh chat lwong bat bién véi mot khoang rong d6 sau
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trudng so vei hé thdng quang hoc truyen thong Hay ndi cach khac, ham nhoe diém (PSF) cua hé
thong quang hoc mi hoa mit song gan nhu bat bién trén mot khoang rong do séu truong, nén
chung ta co thé st dung mot ham nhoe diém cho khoi phuc anh sac nét trén toan bo dé sau
truong. Trong bai bao nay, chung t6i tmg dung k¥ thuat mi hoa vao kinh hién vi quang hoc v&i
khau d6 NA = 0.65. Phin loc Winner dugc nghién ctru tmg dung nhim muc dich khoi phuc anh
sdc nét tir anh chat luong thép nhan duoc cua kinh hién vi quang hoc véi ki thuat ma hoa.

(b)
Hinh 1. (a) Hinh anh qua kinh hién vi cia mdu 6 dg day lon hon dg sau truong
va (b) do day mau nam trong dé sdu truong [3].
Mat na

pha ~ 2

Anh khai
phuc lai

Anh trén &
dau thu

san
fl iza ne’

Hinh 2. So do nguyén Iy ciia phiong phdp md héa mat song. Mot mat na pha lam thay doi
mat song dwoc dat vao hé thong quang hoc truyén thong.

Bai bao nay duoc bd cuc bao g(‘f)m muc 1 1a phﬁn dat \{én dé, muc 2 1a phuong phap, muc 3 1a

xay dung mo hinh thi nghiém va két qua thuc nghiém, cudi cung muc 4 14 két luén.
2. PHUONG PHAP

2.1. Thiét ké mit na pha

Mit na pha la thanh phin quan trong trong hé thong quang hoc ma hoa mat song. Trong bai
bao nay, mat na pha bac ba dugc st dung thém vao hé thong quang hoc cta kinh hién vi. Phuong
trinh mat na pha c6 dang [5]:

foy) =ax@x®+y%) 1)

& day x va y la cac toa do duoc qui chuén, f c6 don vi radian. Trudc hét, chung ta can xéac dinh
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tham sb ctua mit na pha. Pay 12 mot tham sé quan trong diéu khién mit song ra cua hé théng
quang hoc. Pé dam bao do sau truong duoc mé rong hon 6 1an voi vat kinh hién vi voi NA =
0,65, & bai bao nay tham s6 mit na pha trong bai bao dugc chon 1a a = 30. Do vay, chung t6i
chon tham sd nay dé gia cong mit na pha.

Vit liéu PMMA (Polymethylmethacrylate-PMMA) dugc sit dung gia cong mat na pha, vét
lidu nay c6 chiét sudt n;=1. 1.4906 tai budc séong A = 587 nm. Ky thudt ma hoa mat song co thé
hiéu chinh anh huong cua sdc sai [11]. Thém vao do, cac hé thdng quang hoc khi dugc thiét ké
thuong dugc toi wu dé giam anh hudng cua sic sai. Do vy, anh huong cia sic sai dén chat
lwong anh ciia hé thdng quang hoc ma hoa mit song co thé bo qua.

Phuong trinh m3t na pha bac ba & dang thuc ¢6 dang: G(X,Y) = (X3 + Y3) va dua dén biéu
thirc quang sai mat song vao ham dong tir 1a:

£ =25 - Dpx 417 @

& day don vi cua f la radian, X va Y 1a toa do thuc trén mat na pha va c6 don vi la mm. Goi R la
ban kinh cua mat na pha bac ba. St dung qui chuan toa d6 X, y nhu sau:

x=X/R;y=YR 3)
Khi d6, biéu thirc (2) s& c6 dang nhu sau:
2r
fGy) == (= DB =R (& +y%) @

Biéu thirc (4) ing voi cac toa dd da dugc qui chuin nhu biéu thire (1). Pidu nay dua dén biéu
thire sau:

2

;*(n—l)ﬂ*R3=30 (5)
_ 30 A ©)

ﬁ_Zﬂ*(n—l)*R3

0.0063

-0.0057 |
3.25

= 0
S -3.25

Hinh 3. Bién dang mat na pha bdc ba. Pon vi cac truc la mm.
Puong kinh :[h(”)ng quang cua cac vat kinh hién vi str dung tai Bénh vién Da Khoa Ha Pong la
6.5 mm, tham s0 ctia mat na pha dugc gia cong s€ la:
304
b= 27x(n—1)*R3
Véi tham sb mit na pha nhan dugc & biéu thuc (7), bién dang mat na pha dugc chi ra trén
hinh 3.

= 166.5x10 — 6(1/mm™2) )
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2.2. Khéi phuc anh bang phin loc Winner
Anh cudng do ciia hé théng quang hoc c6 thé duoc biéu dién bang biéu thirc:
g=0Q@h+n (8)

Trong do: o la ddi tuong quan sat; h 1a ham nhoe diém, PSF; n 14 nhiéu; KY hiéu ® la toan tir
tich chap.

O mién tan sd, biéu thuc (8) dugc biéu dién bang:

G=0XH+N 9)

Trong d6: G la bién d6i Fourier cua anh, g; O 1a bién d6i Fourier cua vat, o; H 1a bién d6i
Fourier cia ham nhoe diém, h.

Dé phan tich kha ning giai ma & qua trinh xir Iy s6 hoa, ¢ ddy nhidu dugc bé qua. Do PSF cua
hé thong quang hoc ma hoa mat séong vdi mat na pha bac ba it thay doi voi do léch tiéu \{é cac
gbc thi gioi, qua trinh xur 1y s6 hda véi phin loc Winner dugc dung voi OTF tai tiéu diém de khoi
phuc anh tai tat ca cac vi tri Iéch tiéu. Phin loc Winner dugc mo ta bang:

H ideal
F Hin—focus (10)
Trong do6: Hin.focu§ la OTF tai tiéli diém cua hé théng ma hoéa mat sobng voi mat na pha bac ba;
Higea 1a OTF ti€u diém gidi han nhiéu xa cta hé thong quang hoc khong chira mat na pha.
Bién doi Fourier ctia anh khéi phuc dugc biéu dién:
0'=FXxG (11)
O biéu thuc (11), anh khoi phuc s& gan tuong duong voi anh t6t nhét tai vi tri tiéu diém cua
hé théng quang hoc khong chtra mit na pha. Thuc hién phép bién ddi Fourier nguoc ta thu duoc
anh 0’ sau xir Iy. Anh nay chinh 14 anh khéi phyc ctia hé thong.

3. THUC NGHIEM VA KET QUA

M5 hinh thi nghiém dugc xay dung trén kinh hién vi quang hoc Primo Star 3 ciia Bénh vién Pa
khoa Ha Pong nhu chi ra trén hinh 4. Cac tham s6 kinh hién vi dugc sir dung: vat kinh hién vi NA
= 0,65 va d6 phong dai 40%, cum quang hoc ghép ndi co d6 phong dai 0.5%, camera c¢6 sb luong
pixel 12 1920 x 1080 va do 16n mdi pixel 1a 2.8 um. Pho 1am viée 14 488 nm dén 670 nm. Vi vat
kinh hién vi nay, do sdu truong cua hé thdng quang hoc khéng c6 mit na pha gan 0,9 um.

O md ‘hinh thi nghiém nay, mét na pha béc ba (2) s& dugc dat ngay sau vét kinh h1en vi (1).
De két ndi hai chi tiét nay, moi lién két ren s& dugc sir dung. Cum quang hoc két ndi (3) dugc
gan vao kinh hién vi bang vit dinh vi (5). Cum quang hoc két ndi c6 do phong dai bang 0,5
nham nhén dugc pham vi quan sat mau rong hon.

bé thuc nghiém, chiing t6i thuc hién trén mau mo bénh hoc. Qué trinh thyc hién mau mé
bénh hoc: Bénh phém duoc b dinh trong dung dich formol dém trung tinh 10% ngay sau khi cit
khoi co thé bénh nhan. Cac mau bénh phém duoc cit loc tim vi tri ton thuong, d0 day 3 - 5 mm
dé vira trong khuon nhya roi dugce chuyén sang may xir Iy mo tu dong STP 120 trong 17 tiéng.
Bénh pham sau khi chuyén dugc dic trong khoi Parafin, va cit véi do day 2 - 3 um roi dan trén
lam kinh. Ching t6i nhudm céc tiéu ban theo phuong phap nhu¢m Hematoxylin - Eosin (H-E)
thuong quy.

Mau mo6 bénh hoc dugce lam véi d6 day dudi 3 pm. Pé nhan duoc anh khoi phuc bé“mg
phuong phap Winner, ching ta can xac dinh ham PSF cua kinh hién vi quang hoc v6i mit na pha
da duoc thiét ké. Trén co s cac tham s kinh hién vi quang hoc, dau thu, mat na pha, ham PSF
duoc tinh toan tai vi tri tiéu diém cho hé théng quang hoc khong chira mat na pha va hé théng
quang hoc véi mat na pha bac bac cho budc song A = 587 nm. Két qua cac ham PSF tinh toan
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dugc biéu dién ¢ hinh 5. Khi ham PSF tinh toan dugc, ham OTF nhin dugc bang bién doi
Fourier cia ham PSF. Nhu vdy, phin loc Winner s& duoc xac dinh. Hinh 6 1a anh tSt nhat nhan
dugc bang hé thong quang hoc khong chira mit na pha. Hinh 7(a) chi ra anh nhan dugc bang hé
thong quang hoc v6i mit na pha bac ba. Bang sir dung phin loc Winner, anh khoi phuc cua kinh
hién vi quang hoc v6i mit na béac ba dugc chira ¢ hinh 7(b). C6 thé thiy rang, anh khoéi phuc cta
k¥ thudt ma hod mat song co chét luong gan v61 anh nhan duoc & hinh 6.

(5

Hinh 4. M6 hinh thi nghiém kinh hién vi véi ky thugt ma hod mdt séng: (1) Vat kinh hién vi;
(2) Cum quang hoc ma hoa mat song; (3) Cum quang hoc ket noi; (4) Camera; (5) Vit dinh vi.

(@) (b)
Hinh 5. Ham nhoé diém tai vi tri anh 16t nhat cho (a) hé thong quang hoc khéng chira
mat ng pha va (b) hé thong quang hoc voi mat ng pha bdc ba.

Hinh 6. Anh nhdn diwoc tai vi tri mdt phang dnh tot nhdt irmg
vOi hé thong quang khong chira mat ng pha.
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(b)
Hinh 7. Anh nhdn dwoc véi hé thong quang hoc ma hod mdt séng:
(@) Anh triede khi xir 1y; (D) Anh khéi phuc tir hinh (a) bang phin loc Winner.

Hinh 8 va hinh 9 chi ra két qua nhin dugc cua hé théng quang hoc trén co s6 ky thuat ma hoa
mit séng & cac md bénh hoc khéc tai vi tri anh t6t nhat. Hinh 8(a) va hinh 9(a) chi ra anh nhan
duogc cuia hé thdng quang hoc ma hod mit séng. Cac anh niy bi nhoé va chwa 13 nét. Hinh 8(b) va
hinh 9(b) la céc dnh khoi phyc tuong tmg céc anh ¢ hinh 8(a) va hinh 9(a). Nhén thiy rang, cac anh
& hinh 8(b) va hinh 9(b) da sic nét va rd rang. Diéu nay néi lén rang, anh di dwoc khoi phuc thanh
cong. Hinh 10 chi ra hai 4nh nhan dugc cua hé thong quang hoc véi k¥ thuit ma hoa mat song tai
vi tri anh chat lugng t6t nhat va vi tri do sau truong léch di mot luong 3.1 pm (tuong (mg do sau
truong cua hé thong quang hoc v6i mét na pha 1 6,2 um). Anh khoi phuc sic nét, va rd rang. Do
sdu truong nay gap hon 6 1an do sau truong cia hé thdng quang hoc khong c6 mit na pha.

(b)
Hinh 8. Anh nhdn dwoc véi hé thong quang hoc ma hod mdt séng:
(a) Anh tm(fc ‘l;hz xu ‘y (b) Anh khoi ph;}t\c tur hmh (a) bang hz'n loc Winner.

@ b
Hinh 9. Anh nhén dwgc véi hé thong quang hoc ma hod mét séng:
(a) Anh trudc khi xu ly; (b) Anh khéi phuc tie hinh (a) bang phin loc Winner.
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cach nhau 3.1 um: anh trén la anh tai vi tri chat lwong tot nhat va dnh dwdi
la anh tai vi tri lech di mot lwong 3.1 um. Bén trdi la anh trudc khi xit ly, bén phdi
la anh khoi phuc tie hinh bén trai bang phin loc Winner.

4. KET LUAN

Trong bai bao ndy, chung t6i dd ap dung phin loc Winner nhan dugc anh khoi phuc chét
lugng t6t cho kinh hién vi quang hoc voi k¥ thudt ma hoa mat song. Mot mat na pha bac ba da
dugc tinh toan, gia cong va lap dit vao kinh hién vi quang hoc Primor Star 3. M6 hinh thiét bi thi
nghiém da dugc thyc hién. Két qua anh khoi phuc cé chét lugng anh tbt gﬁn vO1 anh cua kinh
hién vi quang hoc tai mat phang t6t nhat.

Loi cam on: Nghién ciru nay duwoe tai tro boi Quy Khoa hoc va Ky thudt Thanh phé Ha Néi ma sé:
01C-01/02-2021-3.
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ABSTRACT
Image restoration for microscopy with wavefront coding technique by Winner filter

Wavefront coding is a powerful technique to extend the depth of field in incoherent
imaging systems. However, the quality of images captured by the camera is low, so digital
processing is used to restore sharp images. In this paper, we present digital processing for
wavefront coding technique in optical microscopy by Winner filter. The experimental
model is built. The experimental images are shown. The restored images of the wavefront
coding technique are near to the diffraction-limited image of traditional microscopy.

Keywords: Wavefront coding; Blurred image recovery; Microscopy.
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