EMMEFR ETHE O FTH 0 ZOOWFMA
ACTA BIOPHYSICA SINICA Vol.20 No.2  Apr. 2004

ETHmMmRRBEAFES

x 7R

BETRRI SR IR T

ik, =R

RIS HO E aRHA I, )M 510631)

FE: B RGER AT 0 £ DB R MGk, B AT B AT, HRRBIEH LB 155 AR B IRN B
o2 d FRERATARF RN BECEAGIT 0, BrE2BRRRE. #

84 kA ol R S T FLAR S RO A9 15 %,

%

\Q

B —AP T eyt AR AT AR 0 T vk, IR LA T RS AR MR A ERAEETHXE, s

B BRI AT 5 0 BART Akt A S R 3R,

ERAAEFE TR REANNPCAENT, KBS ER

=, TRBAGFHLGETEE. BRARTZeNE, REZAZRHMHEAEL] 03 mm, EPRXRZ AR

8 IR T k.
EHEE: R R BRobeh R SR AR
PESZES: R3S

1 531 &

T G e — o AR AR R A8 7%, ik
JUESR T T2 oy, X F 15 5 AL F0 s
MY, BAERE . MR K X G 8 b i
WO/, MG LR 1~51, {HJE
TR I o O 1 At 6 27 iR IR R AR N
R HE%. R B E G T AL UG 2k
PG IIAE AL, R R R O O AR RS,
Je A0 A DR A e R R e A R, P AR,
T A LR P P S T HEC 228 /N T U0 ) K
FVHCR, P A S Rt A 0 e 7 A D 5 ik
B U 67, R IR T LA AR met LR
PRI A LU B,

H AT 2O g 7 s (1) Kruger!®
3% — 2 Radon A& #; (2) Frenz® )& HL A% 4t ;
(3) Wang!" {5 T AT fift (1) B U7 vk . XL E Ty
VRS A TR At ' A 5 SR P PRI s 1 e e 1,
KV ESEBRI S e, PR R S R B R
WEATE A, HE T SR R AR M 7 A I e )
P, BT LAV SRAS BRI 4 E A () Bk o S, 17 5%
W R . fEASC, $RI T MR T
B R GRS BRI GAE lB T, B
w4 T RERO GRS AR 5 S DG S
PICHR, IG5 M RO F 5 S
CATINER 37w A L R el LA s Y ik =R
T RN O HEAR IR, AR SR

DRkt o R EG 2 R 7, HE At RLABORTA A (1)
FIXALE . AREIGT 58 &, B AR ge w73
HeAIEF] 0.3 mm, UEHTIX Bl RDEHE RRE
Jiio

2 E#B O O®

2.1 EERBGHIEARIER

2RO BRSPS, MR AR O
REFSIETHE, THiL S ERZIK T A, I
FECARON, A RONZS T RE G 3 A A
FRRISGER T AR it R 6 IR e o3 A v T et A 00 75
BATHEEE

BEASFHOC I 18] 20 A s BN 1), IFBUEAN
SHOC R AN IR, SERRA L, FEA OB
e R KT AT N A (), WIAE 2 T8) A7 A 1R 75 s
p(roa) il A 7 RN

2

2

V- pro=—E-2pe) M
c 0t p O

Yeim BEA: 2003-11-24
HEEWH: FEZEERIEMOIT L0 (2002CCC00400)
5 HARFHE AT LI (60378043) FlJ 4348 AR R}k
SHBIH  (015012)
BIAEE: L, A

E-mail: xingda@scnu.edu.cn

020) 85210089,



2 W

H(@rt)=Ar)LI(t) (2)
TR, BRERIKRE, ¢ 2AHE, ¢, Ml
P R Q)R Ao,

P b Bt M ®

BEWOCHIRKSE 0 70 24 7 BN, 7 REQG) AT L
Sy,

1'=t—

Pl =B &g I @
’ lr=r' |=ct

ﬁﬁ@T%%

S(rt)—ﬂ J p(r)dr'= ﬁE A@r)dr (5)

[r=r" |=et

JIFE(5) AL =4k Radon 484, AN[E & T FE(S)H
(IR W A BRI AT B, S(re) BRI A AE S 6
PR .

FH B P R 8 DA A B ATy o, AR DU A0 2] 1)
KRS p (), WA

p'@=p@)*h(t) Q)
h(@)FEREI AR IR BRI N, * R
PR 3R BAT e 7 A s A 20 E S AR

U ETio) oL ) VAt BB U £y Ak o M M UN O DR E
RS AE SO B S AT B . T
S AR e AR R KRR 7S, BT DAJG VA IR A R
A TR P P o S, 1T s e o S PG
22 ETHRERBAFEESHER R
FITEAZE

h T T, BRI A AL B AR IR A, IF 2
TR T EAR, WITFEG) I N

p(O=4 2 c jﬁ{ﬁﬁA()ﬁ r ‘) )
TEBRARFR R, TR N
P(t)zz% [ (%ﬁﬁA (0.0 sin0dodd |1 1= |dr

(8)
=1 r |, 4 t=rle BUBOG TG IS (9 6 52 o 1]
2, 133

p(t)=17% f (%#A (et 0.)(ct') singdedep |1 (1—1")de'

)
JiRE) AT Oy :

p@)= ( % ﬁ A (ct,0,¢)(ct)2sin0d0d¢> ) *I'(1) (10)

ST A BT R AR S B AR P BT 115

A h(e) PRI 2% TET AR b 12, UG 00 28] P A T
o E S p' ()M
P (= @)*h(r)

=(% ﬂ A(ct,0,¢)(cz)zsin0d0d¢ *I'(0)*h@)  (11)
AR — A BRI, PR AR poan() F 02
Prinl k1 1="2) (12)
ro A2 IR B3 B TR BE RS, oA PR s Y R B

ANIHOCS 0 1R H  IE I [ P A5
ARSI B (1 RS T p im0 2

P om0k LI (=) *h(0) (13)
B B T
PP ") 1 (000 (14)

A DA(14), 525 FES). (16):
p' @=p()*h(t)

= ( (% A(ct,0.b)(ct) sinododep [0, 0]  (15)
ﬁﬁ A(P)dr= ﬁJA (c1,0,b)(ct) sinddodd

[ =vut

Pl | a0
P () F Py(w) 73 5 72 p" (0) F1 poe) (1) AR BEL f A2 4t
W (w) /2 FREL

JIRE(S)s (16)4 T FF SR AL A5 5 2
FEROCR W 2 R R FR, HIJTRE(15). (16)1]
PAE B AL SO, AN T A
PRI F ko N, 30 3k 58 B NSO P A AN A
WA, AT AR p’ (), ARG AU 2R

MG Z RN EE S ros BEATIN RSP AS R AT A2 po(e) o

:IFFT(

3 RIEFITIE

IR B 1 Fros, A S AK T 8% 5T K
o, R E TR 6, Hb s LR E, K
i PR R REJSE R At 4T LA 0 03 04 930 nV/Pa
1 mm (HP, Precision Acoustics LTD); F %Ml
W Q-YAG BOGAAE NG, BOGHIBAL . kol v

JE K BRI h 532 nm. 7 ns. 30 Hz,
— AP EOE B A O ST IR BRE S eEES

2ROk 7R 8% (TDS3032, Tektronix) W,
LTS HL.

ESERTA SR RS B o S i T



116

G/

il

2Rk 20044F

»)

(®B)

©

Hydrophone

Detected signal of focused point (a.u.)

Recorded signal from sample (a.u.)

Projection of optical absorption (a.u.)

Amplifier I———-l Oscilloscope I—

"~ Step motor
Fig.1 The experimental setup
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Fig.2 (A) Detected signal of focused point;

(B) Detected signal of a thin cylinder with a

diameter of 3.5 mm; (C) Projections of the

thin cylinder calculated with Eq. (16) (solid

line) and with Eq. (5) (dashed line)
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Fig.3 (A) Cross section of the sample;

(B) Reconstructed image
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Fig.4 Comparison between a line profile

(solid curve) of the reconstructed image (Fig.3B) at
X=1 cm and the corresponding grayscale profile
(dashed curve) of the sample (Fig.3A)
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PHOTOACOUSTIC IMAGING WITH DECONVOLVING THE DETECTED SIGNALS
OF SAMPLE BY THE DETECTED SIGNAL OF A POINT SOURCE

WANG Yi, XING Da, ZENG Ya-guang
(Institute of Laser Life Science, South China Normal University, Guangzhou 510631, China)

Abstract: Photoacoustic imaging is a potential novel medical imaging technique to image structures
in biological tissue. In the current photoacoustic imaging, the photoacoustic signals detected by a
wide-band ultrasonic transducer are deconvolved by the impulse response of the transducer to compute
the projection of the optical absorption of the sample, and then reconstruct the optical absorption
distribution. But it's difficult to get the exact impulse response of the transducer. A relationship between
the projections, detected photoacoustic signals of sample and point source are presented, and the
projection can be computed with deconvolving the detected signals of the sample by the detected signal
of a point source directly, which can be measured by focusing the incident laser.  Experiments
demonstrate that the reconstructed images agree well with the original sample. The spatial resolution of
the system reaches 0.3 mm.

Key Words: Photoacoustic imaging; Impulse response; Point source; Deconvolution



