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Abstract; Based on the problem of uniform sampling and sparse reconstruction, a research on calculation
method for two weight coefficient matrix, including Ray-box Intersection and traditional bilinear interpola-
tion, was conducted. Improvement on logic flaws of Ray-Box Intersection was made, and the improved algo-
rithm was put forward by combining line generating method with the slope of the ray and pixel location. In
this algorithm, the starting point and terminal point of the ray across the reconstruction region can be obtained
through algebraic relation, and then the maximum integer no greater than its coordination is used to, in ac-

cordance with the ray slope along the X direction and Y direction, work out the lower left coordination collec-
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tion of all pixel blocks passed through by the ray in the projection area using the line generating method. For
each pixel block, the distance of intersection point between the ray and pixel block is their weighted value. It
indicates that compared with the weight coefficient matrix algorithm of Ray-Box Intersection, speed of the im-
proved one has increased by 96% ., and the peak signal to noise ratio has increased by 19%. In comparison
with the bilinear interpolation algorithm, rate of convergence of the improved one is faster, and the peak sig-
nal to noise ratio has increased by 5% under the same time period. The improved Ray-Box Intersection algo-
rithm can achieve better reconstructed images and clearer details.

Key words: simultaneous algebraic reconstruction; minimization of total variation; Ray-Box Intersec-

tion algorithm; bilinear interpolation algorithm; weight coefficient matrix

1 3 7

X St ALZE M4 (Computed Tomo-gra-
phy. CT)HARREE KA =i 43 HE W2 EE L 76 Tl
TCAGAG I AT % 45 25 Rl AR, CT &
A R R AL AT AR A A, T
JIt it e T 1 (X Ml 7 Rk L 82 SR 88 5% 500l o 45
AR T T B TR (R ARG A M L A B 45 B i
ARERME T e EdE i REEGR. RE&
P52 B A I U Tk CT RSS2 br i A b &
B Y — S ), LR B A 3 R R AR Y
3 O 5) R AE M B 8, hy 40 J SR A B ), 7€ 360°
CT i, B 5108 R b B, HOoRAEA IRECE 19
B s QAN S RBERS AE 360° CT HHET . 24 X Gt
LR ICToF 3 v B T X B, HOR AR R 4r AR 35 51 8K
s AT FRA BERL, fy T TR, Tk #1758
#3607 CT 4, HAERAEAT FRIY A S . H
figp i 1 3R [ B 8 RS SR FH R T RIS 4278 22 e /M 1
HARE AT LD R T EG 27 2 5 /MU
BCA U HE @807 (Simultaneous Algebraic Recon-
struction Technique Based Total Variation Minimi-
zation, SART-+TVM) , H: [K G848 A &4 £ = A 56 4%
P 5 B 1) 5 RS R R I A Rz Y

SART+TVM B LR CT KR 086 BE T
itk ¥ N 03 SART A E @, 78
SART # R EAR S A5, 38 i 15 B B 1) 8 4 5]
B A8 25, LA 2k 1 E A 1 A SI0Ek E L HLRE 6%
6 B8 T 3k AR BT AR A T A Y A R
B, W SART+TVM T K4 i &
AARZ ALFE : SART #5t H F  SART QU EL .
BAEBHERE  TVM A7 TVM R %%,
25 55 HRAE 3 AT RIS IR UE B, AN R BIOHE B s g 1

RS g G RS B, TH R AR B
W R 22 SR PR MR A (EL 030k 1% 07 12 BT H R g
TEA0T B, 5 A R B PR A7 — Fh A 5
S Ray-Box Intersection ¥, WA B E i,
Ray-Box Intersection 38 s 3138 1 £ & % 40 [ 51
R T S T OUUZ P A (B 98 3k 1 030 A9 A 3R 550 I 2 AR
LRAR R V- A AH, PRI 5 40 30 52 L T R T T
A SCAEF X 181 5] SR B A R [R) L BE ST T
Ray-Box Intersection Fl 1% 4 () ALk M 47 {8 55 W
TP A 2 B00E B, X Ray-Box Intersection %
B R R AT T i, RS RS
FRECHE MR T Ray-Box Intersection 3 ik AU PERE .

2 SARTHTVM 48 % # i&

2.1 SARTH+TVM Eit
1984 4, Andersen fl Kak H W B T
SART H#H % ,SART Bk MHA AKX R,

M
pi - : :aimIM
m=1
aij M
i1
0
E : Aim

(k1) (@9 (k) m=1
l‘jH - Ij + }\ 1)

Zaii

iCly

(D
Hoep e AR ELM I ESGRERE.L A0
FRE T A SRS A A R UGEAR A Fa o
Ty ay AR @ SRBTEXT S MR R B AU .

T RS BN BE 1) SART+ TVM & #5
S BRI B

O KR EFEEG o BOHE P =2 =0;

@ BTN TE KRN EE

M
j;i = 2 i T VAR ST R IBIEE A, = (pi—

m=1



1522 e KWEE TR %24 %
_ M
Pz)/z Aip L s
m=1 ¥, & &y g-ll
@ HEAT A I 1T EE }
@ XFFEREG S0 R R E T RS "
MG A2 s (2) iR, %8 N L i1 4
110 7 22 M5 . o | & &
»
e S T . v Uy _ _ _(ktD
At - V H v wu, H (1( Uy X ) )
(2) “| X Xy
H  1<<n<IN.nk TVM BERREL, o« JIH T
K, w, A2 R/ MMUEMER, V ou, (RRER u, BT SRR A
MEREE, ||« |83 L, J88E 7, Fig. 1 Bilinear interpolation algorithm
/‘\‘('k+l): N P g1 48 3k AR ‘;_k):
<k+1)®? x; ux > HI PG ERE B« RS E Y I
Xj H _ _
O T LR O 1 E ik LUK T L )

25 b AUFR B B R 5 W S B DG B R R
Z—o T T K TE A0 R IR B M A 5 5 Ray-
Box Intersection 3 ¥ K Hi o #F 5 15 5% 3 PR AL R
BRIk .

2.2 MEMMEER

XU A 4 11 2 1 5 o A v i T ) SR AR A R
BOE P J7 0 SR A 09 I BRI I 1 B .

W R A 5 Ces ) TRV 4 S48 55 AR
%{E 8'1(11vyl)\g'z(ﬂﬁsyz)\g‘;;(xz,yl)ﬁ g&(IZa
32 S HE we y 7 VR N e R R (E g
(o) EPEAE X J5 ) B gEAT R AR -

- X X

137 gt g3 (3
X 7 I X O
Ty — X x— X

g~ g gis (4)
X7 X — X1

/ﬂ\:':'j 813 E/‘]%Tﬂ?ﬂﬂ(i, yl), g2/1%/4é$i‘ﬂ9(1’ yz)o

Y ¥ ..

2.3 Ray-Box Intersection &%

2002 4F, Brian Smits 4§ = 4k EZ PR IR F A5
MAEBALIE J5 K “ Box”, 24 i 4k 78 i “ Box” i} , 1%
B R AE“ Box” P 19 2 A5 A28 55, K PR R[] | R
BIE 2R R X TR INAUE . 2014 48,45 %
K2 A T N #E SART 3 g 5k p, IR
(N3 L & Yt 2| Mo N < B
HANPE 2 FT7R o Toea AU Tro 23 5 AT C6) IS (7)
HKEw, B

Toer =min[ Ty s Tz s (6)
T =max| Ty, Ty, . 7

Ray-Box Intersection 38 ¥ 9 3 A J/U 12
Tacar MU T B KNI FRAE R 5 S AR R P AC 1
WA 7 Toe KT Tocar » WIAHBZ 2 I 2245 28 B XS
ZAFT R IMBUE N | Trw — Toewr |+ HH WK HH
S RBER R Z A LA E R %

/ ' _/1(412'?—-‘-2)

“:::://- Tx

Tx,

Tx, & Ty,
1’5: (?}.e:lr) / (!1]‘“)
)

/‘7 252)
(x.Tx;)

=

(xp.p) Ty ) /}J"[-J 1)
©.0) v (0.0) X (0,0) %
() RNHZEE B (b) 31 L OF v =45]

(a) Nonintersection

(b) Intersection

Kl 2 Ray-Box Intersection 53 3% J5 3 [&]

(¢) Coordinate schematic

Fig. 2 Principle diagram of Ray-Box Intersection algorithm



5 6 0]

T Fk.% .05 Ray-Box Intersection F 25U 41 SART+TVM &5 1% 1523

{25387 % B, Ray-Box Intersection &% 17
TEZ BRI . Y PR R P 5 A — S 2 p Al
eGP 3 A, S (8) L (9 T, Ty ¥R T
Thcar » AT HE HY 2 2215 P82 Ve 38 A0 52, T 52 B L
PR R GR R 2 M2 SRR 1 AR

>

/-I‘ar

I 2/
/ Trear

/ 4

Kl 3 Ray-Box Intersection % % I i J& 715 &
Fig. 3 Logical loopholes of Ray-Box Intersection

Tfar - Tfar
a1, { S ®)
near ~ 4 nearl
T ar T ar
L= I 9
Tncar = lnear2

2.4 Ray-Box Intersection & % p{ i
E— 2B W5 R B s T M T I RN R H AR
F YA BRI L AR R DG, PRIk DA Bk
() 3% B U T — — R IR EIE . B X B B AR ST
P — ek 3k A9 Ray-Box Intersection B ¥, 2

A F B DS i o)
(XY FIEE (x0.y5)

G BRI~

A

ST [ A

ek ity T [

FE R (REOTE
AT R T
AARRES (G}
i ERER S
G A
v
7 SR g E T
ERES i DNIE eI

h

B4 it fe R R

Fig. 4 Flow chart of improved algorithm
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ordinate diagram of starting point pixel.
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