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Development of an Efficient Algorithm for the Intersection Calculations in a
Simulated Radiograph
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ABSTRACT

This paper develops an algorithm for efficiently computing the intersection points between
rays and an object in a simulated radiograph. This algorithm allows interactive calculation
of simulated radiographs for very complex parts. It needs a geometric model of a part which

is approximated by a bounding surface made up of flat triangular polygons. Since rays have

a point source,
to one that has parallel rays.

a perspective transformation is applied to convert the point source problem
This permits to use a scan-line algorithm which utilizes the

coherence of the grid of rays for the intersection calculations. The efficiency of the algorithm
is shown by comparing compute time of the intersection calculations to a commercial software
that computes each ray intersection independently.

LM &2

ALY 2 A (radiographic inspection)-& dal A}
£ vAgAE dolti(1,2). olAL dAM WA
% (source} 3t "WE Aolo] FEE ¥uA d2dg &
TAA FEE HASH Wyolth. daio] BEL §
g duAst el o ozl F4Fe £F
o FAg Ao} gt ojge) FEL e
FAH e HE Yol PAMI ALK (radiograph) o)2ts &
22 A PED o] HAd AL BE A8

HEL viee HHA BT
g3ty s Aggch ol
opEE o &L Fojzl dAM WA % EEY 4
A9} AAM9] w2 uld] oE FHY AP oy

* AEO%e I YA T (P 4Y)

65

Jx Sle HEE wAY £ U=AE o Aotk
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Fig.1 Polygons, scan-lines and scan points
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Fig.2 A schematic diagram of the single point
perspective transformation
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APTE XHR FA7} LEZ oz AYdgd ot 7)
R0 a8lz mARAA Z3dn d249 3 FH
A7t FAMe] Xt 589 713 & X& Agun
A A9 XHAF FAEAC dis) wEHA AHdgo,
a3, YFEARol oA Y2 &A7R, AETO]
ARHIL, XHE FAPL pgdoh. YHE P £4
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Fig.32 419 ¢nzFe F2& T4HoE RAF
t. o] ¢xElES A A% FFH Z2ZaYPL
XY 7139 FTPH L A8l FORTRAN 77 EFEA
& Ag3jA WA £ (double precision) 2 THES| AL

Point List
1:(1.3407,~1.2368,1.8754)
2:(0.9746,1.2593.2.1078)
3:(—0.8724,1.2639,1.9127)
4:(~1.2398,-0.7638,1.9528)
8:(0.8008, - 1.4899,2.9698)
8:(1.2344,1.1895,3.0956)
7:(—1.1289.1.0781,3.0013)

8:(~1.3214,-1.2891,2.7819)

2 Grid List
1:(0.5,~2.0,0.0)
2:(1.6,0.6,0.0)

X 3:(~0.5,1.65.0.0)

4:(0.0,-0.75,0.0)

Fig.4 An example for the algorithm validation
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Fig. 414 Eoz|& i} go] 12749 tgez 74
¥ {9 P EAE o8t ZHA4Y 1084
(unit) AHo] AXshe F9F FH (24 PAQ) 22
25 Z#E7} 09 X-Y HHA e 499 dixd
Ae HELS FW¥le dA2MEL vyt o &9
Ho WER drde] msle HEg A9 A9
sl SPHoE YA ZoN T 2aE @&F 4
9 ¢ EE olgHA T A g& vind 2
7} Table 1914 FojRt}h. Table oA FHRIL
EYHQ $A4 AL FPHA T Aol HHA
de 99 LdnelEFE ol §sA T FFolch Table
1 A 2dzle vl go] E =FoA /A ¢ual
Zo] ol AWT= AL ¢ + Utk

5. AlttARZF Hlm

B oeEodd AgE Qs AY8 ATEH
I-DEASSIS] mAR AMALE @] AN 7H
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Table 1. Validation of the algorithm

Analytical Ray-
GRID # Solution Intersection
1 X,=0. 35295 X,=0. 35295
Y,=-1.41179 Y, =-1.41179
Z,=2.94104 Z,=2.94104
X,=0. 35620 X,=0. 35620
Y,=-1.42479 Y,=-1.42479
Z,=2.87605 Z,=2. 87605
2 X,=1.12024 X,=1.12024
Y, =0.42009 Y,=0. 42009
Z,=2.99851 Z,=2.99851
X,=1.10976 X,=1.10976
Y,=0.41616 Y,=0.41616
Z,=3.06399 Z,=3.06339
3 X,=-0. 36785 X,=-0.36785
Y,=1.21390 Y, =1.21390
Z,=2.64304 Z,=2.64304
X,=-0. 34832 X,=-0. 34832
Y,=1. 14945 Y,=1.14945
Z,=3.03365 Z,=3.03365
4 X,=0. 00000 X,=0.00000
Y,=-0. 52649 Y, =-0. 52649
Z,=2.98007 Z,=2.98007
X,=0. 00000 X,=0. 00000
Y,=-0. 60365 Y,=-0. 60365
Z,=1.95133 Z,=1.95133
g 264719 AZ¥oz AYsn, oE e ZE

T2 1200709 AZgoE ARt AN PAELS
Z%49 10098 A74(0,0,100)91 FAch

AR A4S vl@sly) s, [-DEASE i
+2 AEHA 99 FEAE FYsty wAEE A
;. I-DEASE TAPES 72719 AN F=E
Zb7)9) dadel UFg 8L oA T TLE
AHe o] wAHES 7|eHEAE  dBA (geometric
coherence) & o] &38}A @3 7719 A2AMe] s
=PH oz AL F£YHA Foe etk 1 o
. 2L IAHEC] B RN /dd ¢ndFe
ol gsA Aigth EE A4S Apollo workstation
& ol g8iA Tt

uje

24 &
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o] =g o] &3 ALAZHE Table 2014 ekt
itk I-DEASE ol§:& o Aol FAH 7t
z71ge} del HHAHes FvlEte A& Table 29
S Q2R ¢ &£ Aok Table 29 AHAS ol
A e B =Rd4 e ¢nelEs ol8ye o
9] AAATIE RHAFED, AL FAFEY F7)
z7tgd wal A3s) gutsl FtET. EE ALAZE
o] gZtd 47} Z7igd ma FUiRth RS A
A7) R Ro] HEZEL H (sorting) st FE
AHgRTHE AL BaEh olRe uek Fo &3
AFHS FAse T2 Y (sorting program) o] AHE
9L o A4NRE B 2Y F AdE A& 90
f. AL A g8 2 =Rl Add @
TYZL ol &% A9 EYHY AME FYske BF
o AAAZHE HlZHE W, BAA AR A gdoldE
g8l B Azt $7 WSF A € =RAA ALw
¢nEZg o)gNe W A&Ad UM oFF B2 T

Ne dee ¢ 4 o

Talbe 2. Comparison of compute time of
intersection calculations

Ray- Ray-
GRID [-DEAS | Intersection | Intersection
(264 Poly) | (1200 Poly)
11X11 73 sec. 10 sec. 155 sec.
21Xx21 257 sec. 11 sec. 157 sec.
41X 41 994 sec. 12 sec. 158 sec.
81X8l 3864 sec. 17 sec. 160 sec.
201X201 48 sec. 171 sec.
6. &4 B
E e 2R njg ERE REEY AEHoE

g A AR S tisk (interactive) 0.2 AlME B
A sh= AAMz B wAHE A&FHOE ALY
37 9% ¢nelEe Mgshed AT o ¢nAF
o W WA PEY YL YHF dA¥ER THE
77 ® (bounding surface) & AHE#IA ZAMHA U
gleh olgol ZAEHA FEY IS Jelde o,
vioko] 223 49 tAyEo] Eug Zdg A& A
£90E AEdolEd WA AR REzd 9%E
n)Ax gt AE ¢ 4 AR (E] FHAN
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A 264709 dtdoE Edd dlXcoe 1200009 Bz
Yoz =y vl F o AP zAYE /R F
WA E fage] A YA BAE M2 By g2
Ag e BAE WA A8 AR AW
A2 daxe] Azl YBYE o8t FAM L3
Zo| Agydnt. AgHoIER YA ARG ALkeHEd
o]z uEe ¢ AgAHcly FBdE A& ¢ T
AQT, AEHOIER YA ARG tEyez A
g 4 MAsle §¥8L AR
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