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Ray casting algorithm for three-dimensional reconstruction based on improved pre-integration

technology

WANG Yachen, WANG Yu, GONG Ning, XIAO Hongbing
School of Artificial Intelligence, Beijing Technology and Business University, Beijing 100048, China

Abstract: Due to the nonlinearity of the transfer function in the traditional ray casting algorithm, Nyquist sampling theorem
often can't be satisfied, which affects the quality of the generated model. Therefore, a novel ray casting algorithm is proposed
for three-dimensional (3D) reconstruction based on improved pre-integration technology. The pre-integration classification
technology is introduced into the traditional ray casting algorithm to improve the quality of the reconstructed 3D model by
avoiding the maximum Nyquist sampling frequency for any nonlinear transfer function. Then, the pre-integration
acceleration operator is used to optimize the calculation methods for opaqueness and color value, thus simplifying the pre-
integration synthesis process and shortening the time for 3D model reconstruction. The proposed algorithm speeds up the
reconstructions for the synthetic 3D cone and real coronary artery CT image by 22.5% and 23.8%, and additionally decreases
mean square error of the generated 3D cone images, while increasing structural similarity index as compared with the
traditional ray casting algorithm, which demonstrates that the proposed algorithm can improve both the reconstructed model
quality and the reconstruction speed.

Keywords: image reconstruction; ray casting algorithm; pre-integration technology
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Figure 1 Flowchart of traditional ray casting algorithm

1.2 fERp L H o KEAR

TENCR B b IR 4y i BuE b
B Z— o BRI B I S i 6 bR RS
BB, MHIAS [F) A9 B e AN TR R 2 AR 03 T, 12 128 R
B— o — B ko Beek 8. LG 2R 07 A 5
IY RGP WP

Fe o RIT AN 2 Fr Rt e B A Bk Y
F— BB R AR R B O E B R
IRV VEAT FRAR A (RIS 55, O I B2 0 388 R, =
AR D TR R(EL, 309 RT3 i . FOR AR
AR B E AT, E A R AR AR Ok A 2
IR B, DRI e 70 ST A7 [ A B

R TR TR D' 27 T P L R B A
Ja o R TTEBE N ORIk . Ik
PEIP AR , B S B AG PRRE S bs  EL R AT
SRAFI(EI2 5, 75 24 TR AR (8, SRR il i
125 oK IO B 20 Jim 1A R0 7 T T €0 R AS 38 P 2
{8, S Jr AT R i B e 5 Gz 3 (B 3) o sl e 2y
77 ¥ AT LIRS THISE L 1) ) B P L RS 2
B ARIEAZ DT 15 B B A SR AR HEAT MU, FE
A RHETE



9

- 1135 -

fle 1 it
B EE—ia a1
B2 EH%THE

Figure 2 Schematic diagram of first classification

$ifi e
BT E——E I

B3 En¥ErnEE

Figure 3 Schematic diagram of post classification

1.3 MRS AR

TR 43 H AR 0 AR AR R gy . iR &
ke R A, AT YRR R o R IR 1 T B
R IS , A AT IR S e B I, =4k &
AR, T WL R A A et FESL LB F L
A% 3 PRBIUAEAE 5 A8 X8, 1 B2 48 W R R i 3
S = 2R 5T, PR AR 9 R FH AR A BR
T =Y A T . PR AR AR AR 2 ] i A
ARG RS IR S R WL Ty ) X 2k Y
TRE I b 2 A AT SR SRS 2 o X AR 43 e A
Fe 8 T KO0 g A SR A A5 22 T] A 4 B A A 22 1 R
g5 BT IR O OGRS A R R B R T
K AL AL N R E T R B g7

P 2F AR = Y R - R T R
X (1) AT I R EE I 0 B — 5004k R A F
RFES BB IR 2464k oRAES AR R E N
s(x(t))o WS R RbREAL s, I 2808
AWM REE X R (1) =k (s(x (1)), Bk G REL
FEM K c(t)=c(s(x(t))o TEFR S, B Joms Lxt
SR bR ) s(o)#EAT R AE B S G 2o A 4R R
(1) 75 SO g —/INBE ) B RS o2 B B A, 64T R
G o RS i RBEBLE IR s, = s (x (id)), REEZA
K, = s(x((i + 1)d)),/ﬁ\EF‘ A RAERKE KR
B R BRI S ZOE S Z B AR, R
FAEMAEE RS = m, At = m,, & Z A%

R AR T v (myamy) = [ e (e)dee 55 i R HE B

B A, 7T AR
[0 s

Aizl-eii-d ’ (1>
e S e IEEE
A,' ~1- e-jor((l't)sﬂr”h)d'dt (2)

WA IR B RAEE I 4, R s .5, FI d AT
Ko AARHY, BEE C 7] LARIR A

1 - Yr((l-t’)sﬁrt’sh)d-dt’
C,.Sfoc((l—t)s/-thsb)X eIO d-dt (3)

5 A4, R D R, C R R S s,us, Mld A
X AR TR 3B 2 e A, P60 R A TR RV L A%
HmE TR (4)FoR

]zf;c((l—t)-s,-+t-sb)-r((l—t)-s,-+t-

'
- 1-t')-s,+1 s)d-de
for(( 1) sp it sy) 1

s,) % e d-dt (4)

Wt FARER TR s, MdA G, MR R
— AR, R BN s s, AT T LA R 1,
AR R E B et . BB 43 T i mT LR ke
BRI 7% 28 R R AR AT 38, $R = 4 i el s | B
AR SRR S H AR FE L il ik B v, A R AR 3 R 75
FETR AN L EL R BT [B] , PR AR AF 5 412 H 3 T le kit AR
SREOR GBI B, DR T g
1.4 BUEMITR AR

TEFRR ST H AR 5 i A RAE B AN 325 W B2 {E
A, BUEAER C,, 51X R R AR 05 s SR s,
VI RCRFERKE d A& R L E R R . TRt
B 2 R R A 2 (2) A1 (3) A A Ak R
SFIE A . ARWFFOR EIR WAL, 38 R RS
B, [A]ISRE $5 R 50 G R TR Ak, S B AR 43
T AR . #=0(2) i@t s, s, M d RN,
JUESZ S

A, = A(s,,5,,d) (5)

BT (5) = [ 7(s)ds Zad AT M A, 7T Lk
CHop

d
T (T(s)-T(sy)

A (sps,,d)=1-¢e"7" (6)

TE d —E GO T PR s Fls,, HHR
T (s) B RK/ANEETT IS B A4, [FREHL KX (3) 38
il s,s, FldFom WA

C = C(sfasb:d) (7)

K () = [ e(s)ds, 2t TR C, 7T LIk
N

C =

d

Sp =8y
WA T (s)5 K (s) B TR s B 7 52 B XS
A4 0 i3, Bt T(s) = f;r(s)ds K (s) =

[ e Coras AR T-H57 MU TR A (6) Pt (8)

(AN 2 B BE A MG, A R AR B s 3 4R =

Nt — A P T W R, AR S A2 ) B
) S BREEAT AL, (BERESR £ SRAE BEI B
H Cros NIBEWBENEN o0 TEAS 14 RAEBEZ TR

(K (s,) - K(sp)) (8)



- 1136 -

N e

415

PUEOAE N C, ANBEWIREAE N o, JEEE R i D RAEE
SR BEE N O, AEHIEEN o), TR
AN -

Couttow = Cirtiy + Cro iy, (1 - ati,) (9)

U = iy T 0, (1 - @) (10)

TEA TR B AR 2R b3 4 SR AT S
AR CL Mo, R E A TR AR
Pt AT e E e, — Bk U o), = 0, HARITA
(R CL AR BRI B S B e b, (BRAE SR n A SRAE B
RN W B IR B B AL 1 8 58 LA s 5T
BOE o, = 1, I (9) i LUFE AL «

[ = C:ut = chiowaflow(l - aén) (11)
i=0

it L X R B8 AR A R Ak T LA
WARTHE S o

WA CLIG AL S AT BANAR T
PGB, B2 BRI A IR 31, %) € 4, 19T
SR T, IR AU G MO R R A3, S
TG BRI BOR OB B DR T DU T HE 5L
JCE ARG AL B R, AT LA TS A o

2 RWERS D

2.1 ZWEREHEE

AR S JE A Windows 10 2245 F (1) Visual Stduio
2019 ¥ 5g v 47 1Y, 525 CPU 2y AMD Ryzen™ 7
4800H, it 5 HL M ¥ 4 16 GB, & K i NVDIA
GeForce GTX 1650, 770 4 GB. 25 B4 2% H 20
sk N A R = g R A R T R WA, R
/N 110085018 K, )2 A1 #E y 0.75 mm., 78 HL 5B
SRS T3 T BN PE R SR F T AE S RN R B 1) B
SRR KW Z A%, L2155k B, B1{% 0k DICOM
#e X, KANH 51251248 K JZAIHE N 0.5 mm.
22 NI ER=Z#HBEGBRERERS S

A 520G R FH #4712 22 {6 (Mean Square Error,
MSE) * F1 45 ¥4 #H 6l P & %4 (Structural Similarity,
SSIM) A~ % W ITA 8 A X — 4l 45580 1Y) i 4 otk
AT, MSE R T -

SN (fixy) - ()

MSE = =2 TN (12)

o, MR Z 9B, N AR E AT E S, (x,y) FI
£ (x,3) R N E R — AT R R R — Y s
KR =3I RS R, MSEBy)N, =4 i H il
SSIM 5N F -
(2ﬂxﬂy + Cl)(zo-xy + ()
(u; 5 + C) (o +07 +Cy)

SSIM = (13)

o, g, B g, 53 0 2R W SR A T EL IR 3 A 38 38 Y
BEMA, 0, Mo, 53R Pk BRI 7 2% 0, 7R
hir2e 3 H C, = (K, L)* M C, = (K,L)*,— &+,
K, =0.01,K, =0.03,L =225, SSIM [l & 0~1,
SSIM BRHZIT 1, F A A4 1Y) ot o A At

S 25 JF AN ER 1 i (5 A R A E] R 10
WL I . BT WO H R 1 6 5 S i
GG 0 AR S A VE AR L, e R LA 22 T
JUo 38 3k 0URR 43 i 3 53— X6 AR 43 B R A7 el itk
AL TAL GE (R LB i, 0 B3k T DA o =
A 52 4 T 16.0% . AS B 5T 8 4 3 T et iR
TR DG AR ST B ANE R AU o3 s 58+,
T ERs TR o36 H550 28 20 DAk ik, f A% G2 4k
B R m T 22.5% Z5 FATd AR BFSE R
HEY A 2 T M TR 0 B R D AR S R AT LA K
PEF; = A [

F1 ALABZHEIGEZMERERITEE(s)
Table 1 Comparison of time for 3D image

reconstruction of synthetic cone (s)

=R [ f: 2 2 )
JEERA L) 2.13
HT BRI HA BGRB8 2.06
SEF IR IR T AR F L 1.79
ST TR A B WO LR B 5 1.65

Shy 6 IE [5R AE — 4t T A ) RS B o, AR IS R
SL11) Levoy YR B B JE TR AR b2 4%
SRR I T RO TR 0 B R () R AR S B A A
T 5 AR O T R AT X B, = [ A R R AN R 4 P
N, BARSS 25 RN 2 FiR

T BT R B b UM A E R
SRS B S R R R A SRR T
BE T TR 43 B B 6 A S B3 1 R 5 T e AR 43
BR B CRIBADh RFE T BRI i i 72 3
PEALGE R L, AR O f T T R A (R A L A
i w7 AR (R T e AR T 25 R
Ko FEBWIEAN FEAR AT e 7 1w, 23 F WA 2 R
()G A8 5 R R s SRR o0 AR 1) S e 4%
A1 MSE ¥/NTFAE Gl ek 8 S B vk — o T A 4
SSIM ¥ K AL G ML 31k e A4 th 7 i i A
RO . ZF B TR T ok TR A B R 1) S 2 4%
FIEAE ] DL THE Gl 4 $5 Ak 1) TR
o n] D4R T T



- 1137 -

9 , -

b:Levoy Y2k B E %

a: [RIREIR

:ETHRAEAN
KEARHEE

d: BT MR 7 1%
RIS LIRS E

El4 ZHFEHEGERER

Figure 4 Results of 3D cone image reconstruction
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Figure 5 Results of coronary artery 3D reconstruction
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