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Spiral Zone Plate Coded Imaging Technique With Edge Enhancement
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Abstract To obtain edge-enhancement images of particle sources, such as high-energy X-rays, a-rays, y-rays, and
neutrons, we propose a spiral zone plate coded imaging (ZPCI) technique, which takes the spiral zone plate as the
coded aperture. The spiral zone plate has the properties of both radial Hilbert transformation and Fresnel zone plate
focusing, which is equivalent to a further radial Hilbert transformation of the decoded image obtained by Fresnel
ZPCI technique. The feasibility of this proposed technique is verified via both numerical simulations and
demonstrative experiments to generate edge-enhancement images. This technique can be widely used in many fields
such as astronomy, nuclear medicine, and laser inertial confinement fusion.

Key words image processing; coded imaging technique; spiral zone plate; edge-enhancement imaging; radial
Hilbert transforms

OCIS codes 100.3010; 340.7430; 350.4990

o . 2y B AR (ICF) BF 587 46 St LA 132 1 1o

o G G A AR A AT D T AL
G A R TR TSROV T MR A R R B SR T VR I D R Y
WK SRS BOR T U CINE A X B4 o TRy B R ST EORLT 053 4 A 5 4 A PR 22 1) (B X
R T4 MR 78 R S0 2R RO 6 FR 5 2) Sl 2 A A Bk 0 4 T P £ R

KRB 2017-08-15; WEMEK B H . 2017-09-15

EEUH: HEHAREES (11375160) EH K&\ RGBT K LW (2012YQ130125)

EHEBT . AT (1988, F 18+, Bh W58 51, M F0 8ok 59 A B4R A B2 o T i o
E-mail: fanquanping@sina.cn

* BB R A . E-mail: leifeng.cao@caep.cn

031003-1



55, 031003(2018)

ANSHBIFHRE

www.opticsjournal.net

ARAFAL T VR 1) A Ok R

R 45 G A FL AY R [ L M 4k % 2 1 22 b 4 1 A 1%
HAR . H R A SRR A TS AL G i
AR (RANMD $E AR 2 52 4t 5 A f% (PAMD £
AT M5 00 A BE B G 5 B 1% (URAD 2 R Fn
P F o B 8 1% (ZPCD) $ RV 25 Hodh ZPCI,
RAM F1 PAM AR B e A2 . FEIX = Fhd R
H, ZPCT H R Fe 4, {5 RAM Hl PAM 5 A 1 %
L By iR X 7E 5 R B9 ICF B 53 v B i 2
W2, BRI JGIE S LA L BB 4 5 B A5 4 A L e 28 Mt
T AR A5 0 #1025 b 5 L () 5 5 4 A AR E 17 i
TG AN AETE S 230 S ARAE .

WSS AR T LASE 5 B bR AR 300 5 X3 B
God i, 58 AR I A 15 S, L B2 R T W B
O 7R B3 G AL RN BT 53 (oA ) AR b A5 31—
B, AR T YRR 4T L SR ] e B AR R
b R A ELAT i % 08 o A IF B4 B2 U LR B BF 9 3
A WARGE . 7E K S B R ICF B 5% 25 4 ek
TG 8 R G AR TR IR 0 R B il A B 4
ERAR R AT E R SR EEE L., X
St (AT D UG SRR B 4 A T AR I A R A R AR
AR TR BT AR R R, B A R G i s
VE AR AR 3RAS 30 S 3 ik JRR 07 L SR T A7 53
R AT 20 FORE T B AS S M IE D A ) B R R T
K T HBE R AR AR

FEARTRH ZPCL 4 AR v, g 47 1 ok 250 H 0y
F 65 K B AR o 7 i 6 o R s R AR 1 SR A
R X R AT R, R B i AN FE TR
Wt B R R T AR A R AR RR A B 1
FRAE . 20K SR S I T ZPCL 78 fif A 3 A2 o
SR AT 24 T 7 JFOR 19 JE R %k 8 R RS B AT — kAR
A R A 4R AR e, IR . AAEE IS 1 R, R R IRLE
ZPCT H A BRAT 1 i 1% KR N 1% B 1 5 18 5 Re AT
7% 30 DA ASE 0L I 7S S 56 A A T 6 U R T % B
AR FRAG AL T U 300 25 38 i TR AR 9 T A S SRR R A
BAR MR P H AR B

2 FEAK P
2.1 IS E

BR800 380 5046 W f vy s A A2
WA F 098 RN i o) = (o) =+

;sgn{cos[;ﬁp'@j} s Horh L0 3RO TE AR R

T R E R R AR AR ALy IR B R 5
—IAR . p NIRBE BT A B I AT sgnll 104 By
BB PR K30, UKL T U5 4 R R R TR R i A
PR BE P 4 A5 I A AL 5% A oL B B A i ) P )
TANHZHELH

PN (s s ,
hixyD = s f(erll ’s+lyj*

g(ﬁl‘/,ﬁy/j , (D
L 2’y RARIEL W LRI AR, x RoR
HIE s Rkl I8 B A8 AR e Bl iy B
B RN IBHEPCH i BE SR A B IR
XF T G i 18T SR IO 2 05 7 6 AT A A L e 2
PAFRL T IR A GG R R . RABR 2 i@
AT G B IR A g 5 1 ) A A AL SR A SR T IR
Xof L ) I Gk 0 R AR . 12065 05 00T VR R E B E
B AR AT IR HAT B

Ulx,y) z_iexp(jkz)exp[j /i(xz + %) }X
jAz 2z

f?{U(l‘o,yo)exp{jle(xﬁerﬁ)}} , (2)

b oA REECAT R oRXE B bR oA ) L AR
Heoxoyo R GhS T AR N AR  x Ly A SO
TR (R R AR b = Sy 5 50T T 3] S B 51 F ThD ) B
k=2m/X RPEEA R AGOC B, PRIt
Wz=F=r/A, B U,y =h(x vy, FEI
WY A 75 ZPCT B fift i ook 7 2 5 5k 1) O iy
B 185 G AT 110 B A R S B A PR O G B 2R B
YOG B AT S A% 16 B8 ok HEAT A .
2.2 HEEM

— RS, —EBE ZPCI % F 5 kL 7R
BB P R A SR A T A A L ok R G
L AG 2 B DU E AR A 5 SR B R L )
TR E bR R ST G0 5 30 SR A A T IC SR G
i P11 588 B 43 A A5 25 X T AS [ 9 b2 VR 75 356 BUAS
[F] 1 A ) B i 45

B4y T e ZPCT $5 R i T 48 B3R 3
B, EEARE.D WP L& SRR T RS
W T v 5 A e B AE 10 Sk A BT B R g A L
B 1) 7 5 2) 3 27 5 L T U 6) 44 i 161 A AT i
T Ab 34 B B €81 47 Ot T 1 IR T e A I, A i A
AT VR B I 3G R A i 1 (D) BR .

FEBUE AL b BRI 2 i 2 ()
JIE 7 B iR BE 3 AT (8 R R R &R 43, R AR
AN K SERLTF AR FE o) R T IR B AR R S =

031003-2



55, 031003(2018)

ANSHBIZFHRE

www.opticsjournal.net

Bl 1 88 ZPCI TAEBREE ., () Zmfidid 72 ; (b) fiffidhid 72
Fig. 1 Schematic of spiral ZPCI. (a) Encoding

process; (b) decoding process
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Fig. 2 (a) Intensity distribution of particle source; (b) structure of spiral zone plate with p =3;

(¢) coded image after encoding
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Fig. 3 Edge-enhancement image of particle source

obtained by optical simulation method

TERIE Z B & F T 5 R T AR IR B ZPCT 4
AR IR T PR A BT AR A B0 i i PR (B 4) . XTI
4 5 3 nl g0, ok AR B ZPCI £i2R H g3k A4
LT U A 55 B 0 A1 PR L T 1 AR AR 1 5 Y 0 4 3
S R

560

540

520

500

Pixel

480

460

440
440 460 480 500 520 540 560
Pixel

B 4 RHFEERE ZPCT B AR AT 0k I8 i i 18145
Fig. 4 Decoded image of particle source

obtained by Fresnel ZPCI method
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Fig. 6 (a) Coded image after spiral zone plate encoding; (b) decoded image obtained by optical simulation method
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Fig. 7 (a) Coded image after Fresnel zone plate encoding; (b) decoded image obtained by optical simulation method
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