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Tom tat:

Trong bai bdo nay, ching t6i dé xudt mot giai phap bang cach thém mat na bién dd vao hé théng ma
hda mat na pha doi xrng xuyén tam cho nang cao chat lugng anh. M6t mat na bién d6 cé kha nang
tang do tuang phan anh & tan so thap ma tucng (rng vd&i ving tan s6 clla mat na pha doi x(rng xuyén
tam dugc thém vao hé thdng nhdm néng cao gia tri ham truyén diéu bién (MTF). Két qua md phdng
cho chrng minh hiéu qua clia phuang phap dé xuadt bang danh gia ham MTF va md phong anh da
dugc dua dén. Cac k&t qua da chi ra rdng phuong phap dé xuét cd thé cai thién chat lugng tao anh
cla hé th6ng ma hoa mat na pha ddi x(rng xuyén tam.

T« khoa:
Ma hoa mat song; Mat na pha, Ham truyén diéu bién.
Abstract:

In this paper, we introduce additionally an amplitude mask into optical system with radially symmetric
phase mask to enhance image-quality. An amplitude mask can improve low frequency region which is
suitable with frequency region of optical system with radially symmetric phase mask is added to
improve modulation transfer function (MTF). Simulation results show the effectiveness of proposed
method by evaluated based on the MTF and simulation images. Results demonstrated that the
proposed method can be used to improve image-quality of optical system with radially symmetric
phase mask.
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1. GIO1 THIEU CHUNG (NA) xac dinh, do siu truong va do phan
giai ngang la hai thong s rat quan trong,
phan anh chat luong ciing nhu kha ning
quan sat c4c vat cua thiét bi [1].

Hé thdng quang hoc 1a mét thiét bi quan
trong dung dé quan st va thu nhan hinh
anh. Véi hé thdng tao anh c6 khau d6 sé
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Trong khi d6 sau truong xac dinh khoang
khong gian doc truc cho hinh anh sic nét
thi do phan giai ngang lai dai dién cho
khoang cach nho nhat giira hai diém trén
vat ma nguoi quan sat con phan biét. Tuy
nhién, cac hé thdng quang hoc truyén
théng chiu mot su danh doi gitta d6 phan
giai ngang va dg sau truong do6 1a do phan
giai ngang mong muén cang cao thi do sau
trrong cang hep. Véi budce song anh sang
A va khiau do s6 NA, d6 sau truong bang
0.5A/NA? va do phan giai ngang bang
0,61/NA [2].

Do sau truong cang dugc mo rong
thi kha nang thu nhan duoc nhiéu thong tin
ctia vét ba chiéu ¢ khong gian vat cang tot.
Do vay, m¢ rong do sau truong la mat
trong nhiing bai toan dugc nhiéu nha khoa
hoc trén thé gidi tap trung giai quyét. Cong
nghé ma hdéa mat song 1a mdt cong nghé
manh dugc st dung cho mo rong dd sau
truong. O cong nghé ma hoa mit song, mot
mat na pha dugc gidi thiéu vao hé théng
quang hoc truyén thong dua dén ham nhoe
diém (PSF) hoic MTF bét bién trén mot do
sau truong lén. Mat na pha cé thé duogc
chia 1am hai loai bao gdm mit na pha dbi
xting xuyén tim va mit na pha bat ddi
xtng [3]. Poi v6i mit na pha dbi xtimg
xuyén tam, anh co thé chép nhan duoc ma
khong can qua qua trinh xtr 1y anh [4]. Hon
nira, khi qua trinh xr ly 4nh dugc stir dung
dé cai thién chat lugng anh tdt hon thi tap
chat (image artifacts) khong xuét hién trén
anh [4]. Trong khi mat na pha bat dbi xtmg
yéu cdu mot qua trinh xtr 1y anh cho khoi
phuc anh sic nét. Tuy nhién, tap chat xuat
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hién trén anh khoi phuc [4]. Mit na pha bt
dbi xtmg c6 kha ning mo rong do siu
truong tét hon mat na pha ddi xing. Mt
na pha bt dbi xtmg nhu mit na bac ba [5],
mat na sin [6], mat na logarit [7], mat na
tan [8].

Nhiéu mit na pha déi xang xuyén
tam da duoc gidi thiéu cho mo rong d6 sau
truong ¢ cac hé théng tao anh quang hoc
nhu mat na pha binh phuong [9], mat na
pha logarit [9], mat na pha hinh khuyén
[4], mat na pha tan [14] va van van [11-
13]. Trong d6, cac mat na pha logarit, mat
na pha tan, mat na pha hinh khuyén Ia
nhitng kiéu mat na pha déi xing xuyén tam
m&i ma dwa dén ham MTF 6n dinh tét cho
su thay ddi d6 sau truong. O cac mit na
pha nay, ving tan s6 thap I Ién hon khong
(thong thwong nho hon 0.5), trong khi
viing tan s6 cao gan nhu bang khong
(thuong I6n hon 0.5). Tuy nhién, gia tri caa
ham MTF & viing tan sé thap 1a thap so véi
gia tri ham MTF tai tiéu diém cua hé thong
quang hoc truyén théng. Do vay, do tuong
phan anh khéng cao. Trong bai bao nay,
ching toi gidi thiéu thém mat na bién do
vao hé théng ma hda mat séng mat na pha
d6i xtng xuyén tdm cho nang cao gia tri
ham MTF ¢ ving tan sé thip cho nén do
twong phan cua anh dugc cai thién.
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2. PAC TiNH TAO ANH MAT NA BIEN
DO VA MAT NA PHA BOI XUPNG TAN

2.1 Pac tinh tao anh cua mat na bién do
Ham dong tir c6 thé biéu dién theo

ham bién do, Q(xy), va ham pha, f(x,y), va
c6 thé mo ta bang:

P(.y) = QX Y)exp(i x{ f (x,y) +p (X +y*)}) if X*+y* <1
' 0 other

1)
& day, x va y 1a toa d6 quy chuan ¢ mat
phing ddng tir. Ham f co don vi la radian.
Do Iéch tiéu twong ing do sau truong duoc
biéu dién theo cong thic sau:

(1 1 1
W_H(T____J )

trong do, A la budc song anh sang; L la
duong kinh dong tir; do va di la khoang
cach vat va anh.

Ham nho¢ diém c6 thé nhan dugc bang
bién ddi Fourier caa ham dong tir va cd thé
biéu dién bang cong thic :

h=|FFT(p(x, y)’ ©)
Anh nhan duogc cua hé théng quang hoc 1a
g=0®h 4)

¢ day o la vat, toan tu ® la tich chap.

Trong phan nay, ching ta st dung ham
bién do duoc dé xuit & bai bao [10] dé
nghién cttu. Ham mat na bién do c6 dang
toan hoc nhu ¢ céng thac sau:

exp((a—x*—y?)/b?) if x*+y* <1

Qx.y) = {0 other

(®)

Cap tham sé a va b duoc st dung diéu
khién phan bb cuong d6 trén mat phing
dong tur.

1

Truyén théng
Mat na bién dé

0.8F

0.61

MTF

0.4F

0.2f

0 0.2 0.4 0.6 0.8 1
Phan bd tan s6 khéng gian

Hinh 1. Ham MTF cho h¢ théng quang hoc
truyen thong vé&i mat na bién do.

Xét cap sba=0vab=0.8. Ham MTF
cua hé théng quang hoc truyén théng va
mat na bién d6 duoc chi ra & Hinh 1. Tu
Hinh 1 c6 thé thay rang, gia tri ham MTF
ciia mit na bién do ¢ tin sb thip thi cao
hon gia tri ham MTF cua hé théng quang
hoc truyén thong, trong khi gia tri ham
MTF ctia mit na bién do ¢ viing tan s cao
thi thap hon gia tri ham MTF caa hé théng
quang hoc truyén thong. Piéu nay nghia
rang, anh ciia mat na bién d6 & ving tan sé
thip c6 do tuong phan tét hon anh cua hé
théng quang hoc truyén thdng. Trong khi,
anh caa mit na bién do & ving tan sé cao
thi c6 do twong phan thap hon anh cia hé
thdng quang hoc truyén théng.

2.2 Pic tinh tao anh ctia mét na pha déi
xtpng tan

O bai béo [10] da dé xuat giai phap mo
rong d6 sau truong bang cach sir dung mat
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na pha dbi xung dang tan. O bai bao nay,
ching tdi str dung mit na pha tan dé nghién
ctru cho dé xuat. Mit na pha nay c6 ham
toan hoc la:

(2m +l)7r
4n

a(x’ +y?)? tan(x2 +y?) if LLPyP
2n

F(xy.0)= m+1)z

2n

(€©)
& day, @ la goc trong khoang tir 0 dén 27 ;
n 1a s6 tu nhién ; m Ia s6 tu nhién trong
khoang tir 0 dén 2n-1. Tham s t6i uu cta
mat na pha la a = 31.85 nhu duoc chira &
bai bao [10]. Bon vi cua a la radian.

—a(x* +y°)* tan(x* +y?) £0<(

if (2m+1)z
4an

Ham MTF cho hé thdng quang hoc truyén
théng va mit na pha dang tan dugc chi ra
& Hinh 2 véi cac tham sb do 1éch tiéu khac
nhau, ¢ day khoang do léch tiéu duoc lay
theo bai béo [10]. Nhu hinh 2 (a) chi ra
ham MTF cua hé théng quang hoc truyén
théng rat nhay véi su bién doi caa do léch
tidu. Khi gi tri tham sé do léch tiéu cang
I6n thi ham MTF cang thap va tan s cat
cang nho (tan sé cit dugc dinh nghia 1a gia
tri tan s6 dAu tién ma gia tri ham MTF bang
khong). Do vay, chat lugng anh s& suy
giam nhanh ddi voi su thay d6i cia do léch
tiéu. Trong khi, ham MTF cua mat na tan
gan nhu 6n dinh véi do léch tiéu. Tuy
nhién, gia tri ham MTF cta ham pha tan la
thip hon so vdi gia tri ham MTF nhidu xa
cua hé thong quang hoc truyén théng (tai
gia tri w = 0. Tir Hinh 2b thay rang gi4 tri
tan s6 cit ham MTF caa mat na pha tan gan
nhu nho hon 0.5 cho nén chi ¢6 cac vat co
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tan sé trong ving nay s& thu nhan duoc
théng tin rd nét.

=0
—y=5
0.8f —_—=10]1
0.6r
[T
'_
=
0.4f
0.2r
0 A e
0 0.2 0.4 0.6 0.8 1
Phan bd tan sé khong gian
(@)
1
=0
P=5
0.8 — =101
0.6
L
}_
=
0.4r
0.2
0 . ;
0 0.2 0.4 0.6 0.8
Phén bo tan so khéng gian
(b)

Hinh 2. H&m MTF cho hé théng quang hoc
truyén thédng va mét na pha dang tan cho céac
gia tri do léch tiéu khac nhau
(y =0; 5; 10)
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3. KET HOP MAT NA PHA TAN VA MAT NA
BIEN PO

Nhu trinh bay & muc 2, mat na bién do (a
=0 va b = 0.8) dua dén chat luong anh tt
hon & ving tan s6 thip so véi hé thng
quang hoc truyén thong. Trong khi, mit na
pha tan chi & ving tan sé thdp méi cho
nhan anh rd nét. Trong bai bao nay, ching
t6i dé xuat y tuong cho su két hop mit na
bién d ma nang cao do twong phan ¢ vung
tan s6 thap vao mat na pha ham tan cho cai
thién do twong phan cua anh. Hay noi c&ch
khac la gia tri ham MTF sé dugc nang cao
Ién & vang tan s6 thap. Khi gia tri MTF
dugc cai thién cao hon thi d6 twong phan
cua anh nhan duoc s& tét hon. Hiéu qua
ctia phuong phap dé xuét s& duoc chung
minh trén danh gia ham MTF va anh mo
phong.

Trén co s& cac tham s da nhan duoc trén,
ham MTF qﬁa mat na pha tan va phuong
phap dé xuat duoc chi ra & Hinh 3. Hinh
3(a) chi raham MTF cua mat na pha tan va
phuong phap dé xuat tai gia tri y = 0. Hinh
3(b) chi ra ham MTF cia mat na pha tan va
phuong phap dé xuat tai gia tri y = 5. Hinh
3(c) chi raham MTF cuia mat na pha tan va
phuong phap dé xuat tai gia tri 7 :‘10. Tu
Hinh 3, khong kho khan nhin thﬁy‘réng’ gia
tri ham MTF cua phuong phap dé xuat la
cao hon gia ‘Eri I\/I’TF’ cua mat na pha tan.
Tuy nhién, tén‘sé cat ham MTF cua h‘ai
phuong phé‘lp gan nhu la trﬁng nha,u. DiéLJ
nay nghia rang phuong phap d@ xuat co the
duoc st qung cho cai thién chat luong anh
cua hé thong ma hoa doi xing xuyén tam.

=0

=]

Pha tan (Gdc)

Mat na d& xuét
0.8

0.8

MTF

04

0.2

0 02 04 08 08 1
Phan bé tan sé khdng gian

Pha tan (Géc)

Mat na d& xuét

MTF

0 0.2 04 08 08 1
Phan b tan sé khéng gian

Pha tan (Géc)

E Wit 2 02 xudt
08

06

MTF

04

02

0 0.2 04 06 0.8 1
Phén bé tan s6 khéng gian

(c)
Hinh 3. H4m MTF cho mét na phatan (géc) va
phwong phap dé xuét. Gia tri do |éch tiéu bang
v =0; 5; 10

Mot anh mau dang canh quat duoc sir dung
cho md phong anh chi ra & Hinh 4. Anh md
phong cho mat na tan va phuong phap dé
xuat duoc chi ra trén Hinh 5. Nhin mot
cach rd rang rang anh cua mat na pha tan
va phuong phap dé xuit gan nhu bat bién
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v6i do sau truong. Tuy nhién, d§ tuong
phan anh cua phuong phap dé& xuét la tét
hon mit na pha tan goc. Piéu nay c6 nghia
rang phuong phap dé xuat c6 thé duoc st
dung dé nang cao chat luong anh.

Hinh 4. Anh géc dang canh quat.

(b) =5 (©) w=10

(al) (b1) (c1)

Hinh 5. Anh mé phéng cho mit na pha tan (bén trén) va phuong phap dé xust (bén dui).
Gia tri do léch tiéu bang y =0; 5; 10.
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4. KET LUAN

Trong bai béo nay, ching t6i dé xuat mot
phuong phap thém mat na bién d6 vao hé
thdng quang hoc ma héa mit na pha ddi
xtng xuyén tdm cho cai thién chit luong
anh. Mot mat na bién d6 da dugc nghién
ctru Vi miat na pha ddi xang xuyén tam
dang tan cho nang cao d¢ tuong phan anh.

Bing cach két hop mat na bién d6 véi mat
na pha tan thi ham MTF & tan s6 thap dugc
nang I&n gan hon véi ham MTF nhidu xa
cua hé thong quang hoc truyén théng. Cac
két qua md phong da duoc chi ra véi ham
MTF va anh md phong. Két qua chi ra rang
phuong phap dé xuét cho phép ning cao do
tuong phan cua anh.
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