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Laminar optical tomography system with condensed dip-angle

ZHAO Hui-Juan'?, JIA Meng-Yu', QIN Zhuan-Ping>*, WANG Shuang', CHEN Xue-Ying',
LI Jiao'®, ZHANG Lin', GAO Feng'*”
(1. College of Precision Instruments & Optoelectronics Engineering, Tianjin University, Tianjin 300072, China;
2. Tianjin Key Laboratory of Biomedical Detecting Technology and Instrument, Tianjin 300072, China;
3. Tianjin Key Laboratory of Information Sensing and Intelligent Control, Tianjin 300222, China;
4. School of Automation and Electrical Engineering, Tianjin University of Technology and Education, Tianjin 300222, China)

Abstract; The influence of the dip angle on light distribution inside tissue was investigated. Based on
the investigation, a LOT system with condensed dip-angle (cdalLOT) over the whole detection range
was developed. A new method for correcting the deflection-angle of galvanometer mirrors was also
proposed. A fast image reconstruction algorithm for LOT was also developed based on the virtual-
source diffusion approximation and GPU. Light path simulation showed that the developed cdaLOT
system decreased the dip angle of the incident light to 1/2 of that of the traditional LOT system. The
relative deviation of the measured data to MC results was about 18% for cdalLOT while that for tradi-
tional LOT was as large as 38% . Reconstructed images showed that the reconstructed absorption coeffi-
cient, and the position and shape of the inhomogeneity coincided with the real target.

Key words: laminar optical tomography, dip angle, image reconstruction, measurement system
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Fig.1 From (a) to (d): photon density on the X-Z plane
for the incident angle 0°,1°.2° and 6°, respectively. from
(e)to (g) : difference of photon density between the cases of
light incidence with and without dip angle

MEL T AT U Y G TR S 5210 o 22 i 4
H P AR AE A S R BT A I 37 X AR S X i 3 X5
Wi /NI AR D LA O T e A M A A £
RIS I 0 07 [ PR Z I K, g Y HiUX (R 4R
WHEIRT S ~ 10 AP IHUR A iR, R IEA SOk
FHBTHCST 280 3BT 0.5 ~ 1.0 mm) I AR EH )
AR5 T PR TR R i . B AR G AR AR R 3 37 X5 T
B/ {H LOT ZR G802 X W 1y i 45 4% Bl i) — 2l
R AR 18] B DL K foe /N2 I B B 24 2 200 wm
Zed, WAL UL 5 TR M 2 T A R 3,
I, R AR XS 475 4 52 WEDRE 5 B S TP R 2 0 1A%
i B oy A A A2, DTN 53t RO 2 2 B i Y



690 i 5 2 K% i 35 %

R
2B RTELI S =01 mm i§ ¢, 8] I FE
TR AL & 5 BLSEEE R E N, 7E 2
=0.5 mm B} & IAFNRRAE, 03X — PR BE 1A B2 LOT
(1) F B RS R BE , BRI A SR A 6 LOT X A 5 A
2K AR TR BE 1 R G A TR KW 52

E2 ANEASHEART x=0.1 mm &) o

Fig.2 & along x =0.1 mm for different incident angle

2 ¢daLOT &SGR

2.1 WBHRZFEITRMAK

WIS cdalOT RGEHYJEHLINE 3, REE
B G TR 2543 518 2 mW () He-Ne 3065 gk
% PMT ( H11449-20, Hamamatsu ). H T 2H 21 {& X
632. 8 nm S HA TR ZLAYHUR AR WL, i 2H 2
DAL S SR 118 1 SR AR AR 58, Sy 1 B Lk ST Y B
SR X R D 4 Al 55 T2 A D6 A5 5 0 T, AR AR
I EOCR IR % A BU% i R, 2R 58 % 4l
A Rl 41 A I 7 3 A B 3R TR A9 4 S 59
DK b rezSu N Y LR VAR N (T K 0 e SRS L
FRASHY s MG, R T SEE eSS4, 2R FH B 1A O

K3 cdalLOT Z4: )53 &
Fig.3 Schematic diagram of the developed cdaLOT system

FRYAEUE 7 i ) XY RBE. SEATAT AT, Y
PRBEORAFRR L, X PR A RHIE N DL — 2 19 A 2
) P IE R , SE AT 7 1) b B s AT A — AT e B
Je , X PRI B R A B, Y JRBETE B R IR 1
TR BN T —A AR, X REE R 1T T —17 S
. EE LR EEHE R

T 1) B G 28 3 4 OG5 TE 3 R A8 A 9
S, e ash R I A I B 158 B R A & SR i L
1) PMT |- M4 T 21 A8 G TE A W 20 21 i AL
T — BT, T M S a5 IRz DU 0 28] ) S
B0 P AR R, PRl L2 B PMT A [R) 338 1 1Y
PRIE 7 B W 7 400 40 AN TR R B B 24 S8
(WS R BRI 22880 15 B, i RIE = VR Sl
Bt A B Bk B AT A5 6 S 50 = 4k
S3Am.

R T RAEMA S S AR R, AR
SCHHAESE LOT Z e iy A% MR 43 4 otk Sy i O
A, anEl 4 Fros. i S A S A O ) R A
JE G U C A4 OB , A A B 5 FR T AE X
Y HRBE R A], 4 35 BT ARG 0 35 B 4H 1) R e Al
B> 4 RGE, SRR B AR AE AL L 37 B 2H 1Y
YsEng ARG A A IR B 1 Y B 5Ok
A —E IS HTA T A R T A b A SRR
I T L

K4 JEAaimot: 258
Fig.4 Optical system for condensing dip angle
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Fig.5 Light trajectory (a) before and (b) after the
pillow distortion equalizing
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Fig.6 Image reconstruction procedure based on VS-DA
and GPU
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Fig. 10 Reconstructed tomographic image on (a)X-Z and (b)
Y-Z plane by using traditional LOT (upper row) and cdaLOT
(lower row) , respectively
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