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An Improved ART Algorithm Based on
Linear Travel Time Interpolation Ray Tracing
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Abstract Straight line reconstruction model is frequently used in concrete computerized tomography. It assumes the ray
travels in a straight line between a sending transducer and a receiving transducer, which is valid for homogeneous medium.
When there are defects in the medium, the ray will not travel in a straight line but in a spatial curve, and if still using
straight line reconstruction model, error will be brought in. An improved algebraic reconstruction technique ( ART)is put
forward in the paper, and linear travel time interpolation ( LTI)ray tracing is used during the iterations to obtain the real
travel paths of rays. Firstly, defect meshes are ascertained by probability and mathematical statistic method, and then
defect meshes and normal meshes are provided with different initial wave velocities. Secondly, the projection matrix is anew
computed by LTI ray tracing before each iteration. And during each iteration, defect meshes and normal meshes are
provided with different relaxation factors. The results of computer simulation and concrete model experiment show that the
improved ART based on LTI ray tracing is effective to improve the accuracy of computation and the quality of image
reconstruction on concrete , but takes more time.
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Fig. 1 Mesh division of test region

KA AR L ITC N8 B, B 2 A R g LT
etk A .
n=ayufitanf, + ta,f,

T, =ayf, ta,f, + +a,,f,

(1)
t,=a,f ta,f, + +a,f,
BN AV Ay
= Af (2)

ARABEEZHRE, X T (2), 8% KHXN T
PR 57— Ak 0 W 50K T A — AR 4 U
NS BRAAL B 23 MR S 2B B 7, FoRAE ||e|” =
[z~ AFIP S /ME B 1) 6 f
2.2 Kit# ART &%

TEAEGE ) ART gk op A A% 00 %
F9 125X 00 1 16 14 328 BRI A S8 18 20 38 00, 3 45
=G — P EAE RS E, IF X
i rb o T 4% R 0 I 5 22 8 40 4 T 4 45 AN
W EATT , (EL7E SEBR 1 B, X 5 2% B 5B IR A 5 R 32
TR AN S BB BT S| R A, R RE 8 S 0 E
A TR K Sy B W BT 9 AT B M 7 2 1R300 6 1R 9 32 %
DA B 75 36 AR A A DX 0 0) A T DB 8 A 0k A
T T AR ST B, X 54 4 S 0 R 2
PR o



55 M X HE RS BT LT AR 2030 B3 09 it iy ART 559% 861
-1 12 1-3 k-1 3-my 2-my 1-m, ﬁ/}i@,ﬁﬂ v, > Vé,ﬂﬂv)\ﬁﬁ%éfﬁﬁ,?jﬁﬁﬁﬁﬂﬁ
T | WA P47 IR0 A 264 8, WA T 4580 I 9 5 48 5 2 g .
A L R s
FTT A AN R KM 5N #yzsE P M- N =P i R4 B
B T R EE I 1) BB 2T
AV PN (2) B 2 A 0
ﬁyxy/ﬁ s RS 9 BT R0 LA A
T — o TE S R B U 0, o LR 44 T 1 B
H T, 5 /N 5 2 0, 45 T B B 4, A
12 RIS A T 5 T 45 A T 40 325 120 0 i
Fig. 2 Ray classification of test region o = fing, 7
(1) B 252 (3) BUA O B 56 1 05 STE R 0
Z 3\ (3) - AT AR
T4 B IE IR i AU X4 A P A T
2 @ MﬁﬁMﬁﬁﬁﬁ R (8) B AL (i =1,

sﬂ=J§yn—a>an—w (5)

L, N SRR AU v I B {E s, A
S AR Y2 5 A7 o I SR

S A I 7 4 2 8% b B O A
SN | I M6 1 7 3y K T R AR ) Y R e T
S R T, R A A R IR
It b B 7 7 R P S R O A T O
B 3250 A X — T B F LT A9 . 7E [l — X
5 F— 51 B LI, T {1 45 % S5 4% U e R T
BT Ny, o) A2 i (n = 1) Fop s

s /\n
e A TEREAATAE 2 o I ¢ 404 B9 1 (043 5
% VB S ER P IR 9 0 A LSRR
R H I A X380 3 3 1 T R, BB T S W
F 25 AL /I8 S 7 03— 50 e/ T 1 508 0 00
Vy=v=-A-s /Jn (6)
0 55 % B 8 1 N T W SR D, B v < Y,
WU IA A7 12 46 5 4 2 5 ke R 20, O 1B 5 25 O 55 1o
¥ i B 359 A B, (L5 Bk 3k G ol AT g IE
MG,

4, IR (6) , R R A 1-1 ~ 1-m, 1
I SR V), 1 5 ok B 2P 1 B 2, DA T S
SREGPITINAE S M, 20 B M PRl R & IEH BT,
HR 4B (6) RT3 2-1 ~2-m,,3-1 ~

-1~ k-m, 2% 20 BRI R BE V) (=2,
S o ISR A% B 0 U K T B R 1 I

3 m3"

- n) BRI AR ARCA T A B, 2 oA TR G
$TEHT,EX$’ P T o=y, A IE R OTE, B
pEp, 0 <u, <p, <1, HEM—5ENE,H
W7 2 5 3 B I R T SR R R DA b 2k AR
w0, 42 (8) Ak sk ik,

fq,i+1 _fqu
J —J

2 i (r - 7! 8
[T T, - 7) (8)
54

J=1

3 EF LTI HLEBEEHNN
Hik

ﬁ%ﬁﬁﬁﬁi¢#%%?%#%ﬁ%%%
R e FLI S A R S R A T A SR A,
i HAL R B A2 A A B Al . R e s TR 1
JENT LG R LTL G838 B 07 255k T 4 i 42
% e F) LTT 3 £ 38 B vk X 5% 250 406 i 1k 0% 1)
R AR T AR Rk TR ) R 9 ) i A SR
P B BEA) ART 83 2640 9 3 2 b, F LTI J7 2 R b
EH 15 5 4 B, AT 8 0 B v PR T A R 1 I

R JHFET LTI 5 22568 5% i 8 9 ART 8 3k f
Pk v R A R AT

(UE%ﬁBﬁﬁ%ﬁﬂH@%%ﬁ%ﬁ&ﬁ
B BE BT, v,,,, 25 i B A T 200 6 5, 0" 48 1F

K3t B ART

H AL A AR B, W45 3 400 4 6 [ BV, R
g R Foo
(2) IRIEWI 4R 18 F,, A LTI §F 208 82 57 10K

MR HRE A B =1,



862 o E 4 E R 2R i)

(3) MR L BER S e A, FM i o) 4 F, 3%
2 (8) WFF LAY SR BT AR B F, LA )
B 9 5 1 2R E BOR 7 B P B P

(4) 2505 USRI B, 00, AR g
MO P, P LTS 2% 58 B 0 o o o 10 4 % 4 B
A JHE g=q+ 1 B (3),

4 HENKEMUSELE

e LA B0 v, 1 53 B A% 2 AS AL g , 4%
MR B E, N ZE A T 4 5
4.1 EHl1

LG 5 451) £ 3 R A Y G BT 3 s, 0 IXC T AR
120 cm x 120 em {2768 10 ecm x 10 cm, 75 3¢ 3 3 N
4 000 m/s, FLRY ) I AR AE — A3 N 4 600 m/s

%1445
12 144
[ %5 5t1X4 000 m/s
U1 3 400 ms
2 134 o
K33 a3k (X 4 600 m/s
1 133

B3 Fp 1 A

Fig.3 Computer simulation velocity model of example 1
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Fig.5 Computer simulation velocity model of example 2
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