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A Fast Interval Volume Extraction Algorithm Using
a Hierarchical Volumetric Spatial Index Structure

IssEr FuUJisHIRO,! YURIKO TAKESHIMA'T and YUJI MAEDAtt

Geometric features of a given volume dataset are expected to be extracted and rendered
at interactive rate, because the dataset has to be analyzed repeatedly with different target
field values and viewing parameter values. Although a volumetric dataset taxes the com-
puter resources, the performance of related algorithms may be improved by judicious choice
of auxiliary data structures and their appropriate traversal methods. For effective display
and analysis of volumetric datasets, we have proposed a new type of geometric model, named
interval volume, which represents a 3D subvolume with field values belonging to a closed
interval. This paper represents an accelerated interval volume extraction algorithm using a
hierarchical volumetric spatial index structure called Branch-on-Need Octree. The algorithm
is implemented as an in-house module on a commercially-available visualization software AVS
Ver.5. Several applications such as proton-hydrogen atom collision are used to prove the
temporal efficiency of the presented extraction algorithm compared with other existing ones.
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Fig.1 Three volume visualization methods for visualizing the stable 3D
probability density distribution of an electron around an H? molecule.
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Fig.2 Interval volume extraction in a single cube (2D).
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Fig.3 Volume data partition and BONO structure (2D).
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procedure BONO_traverse(node)
begin

Imax + node.max; Iy, + node.min; cube_case + check_cube(Jpin, Imax);

switch (cube_case)
begin
case 1 : break;
case 2 : if bound(node) then

if not leaf(node) then for each child ¢ of node do BONO._traverse(c);
else extract IV from subvolume(node);

else break;

case 3 : if not leaf(node) then for each child ¢ of node do BONO_traverse(c);
else extract o cube from subvolume(node);

break;

case 4 : if not leaf(node) then for each child ¢ of node do BONO_traverse(c);
else extract B cube from subvolume(node);

break;

case 5 : if not leaf(node) then for each child ¢ of node do BONO_traverse(c);
else extract IV from subvolume(node);

break
end
end;

4 BONO #HWXIEFR ) o — L8 7 v ) X4
Fig.4 A BONO-based accelerated version of interval volume extraction algorithm.
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Fig.5 A volume data (2D) and its corresponding BONO
definition.
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Table 2 Timings for interval volume construction.
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Fig.6 Interval volumes for a single iso-electron existential probability

excerpted from a proton-hydrogen atom collision animation.

£ 2 Tid, WiH% SORT1, %E% SORT2 £ LT,
BWRERLE. 2B, MELL Ay 27—+ 2 HIE
L72. SORT1 Tit, B/MEICDWTHITY — F 247
972, SORT2 & H#E L THEB| Y A P OERICES
BERDD T CTTHH, #05, EELF a—7~
DT 7EABEMLTLZE S, SORT2 TiF, 3T
DF = R ZE&IIY = NT 520, ) O 210
BT HY, —BRIVAMERERLTLEZR, #
DAL ETHRDEFRICKBEEARY 2 —
LEMET 2 EDHEETH D,

EBROBER, WThoBad v — M) X OERIIC
PROVEHETET LI LG0T, INLOHFET
13, MR HIBRERELL DLV~ A OME
BAZ LB R R e &SRB AR EIEIC 52 B
RBIEHTCELR LD, 22T, KFEOFIFSF
SELZHEREICBIT 2 EETRMEOATHENTH 5
EEZLND,

5.3 EHllE AWAXEEARY 1 — LD

RIZKR) 2= L7 =5 DEHae—L v X345 5
KEOKELRARD 201, ROEHEL A+ - BT
HRATH DT - KEETEEOZRTEMEY 3 2
L= a oo/, BRI Bl 2ENTRE
THERT, BEE 60 x60x60 D100 7L —240

BRFIKRY) 2= A7 — ¥ ORI EIT- 790, 22
T, XK 01~A®dw%m%w%%~ﬂﬁb
EMEE DL, BFOFEREOS L VHEE,
-b% SR LFORFZ O/ X L £ %)
TR a - LEAWTIREL, FOEBHE
b b L7z, ZHs Xy, AS 414 o EET
WEELZE EOETORBECFEBICHE 2 LA
T&5 (X8).

@7@ FERHRATE ORMEECR Y 2 — LHHIcEL

HEEZ, ST o — AT NBEK S I 7 TR
%@T%% (a) 13, TERORMERY 2 — LHHH
ETHELEBELRLZOOTHY, (b)id, KET
X FEDR ) 20— AgmmT%muﬁttﬁﬁ%Vﬁ7
TRLZDDTH A, M6 TRLUAEEZEMGET ST
b*Ax,777¢Km®WﬁT%LK

ZDT T Th0, MPT -y OERD» STV 2 s
FOERETO N — 5 LOERY, BONO ¥ fw2
CETHUAESTELZ L0 h. EBIZ, &
FENT /AL F 2 -7 ﬂ#é?ufﬂ?c&
LXEBERY 2 — 208 AE, T 0.310, EilkgE
0.156 TH Y, FYJ 2~ AT AMEILER
KBEELR ) 20— 2 OFEHFE 0.008, EUERZE0.016
THrEIEnEILYL, BELF2—T~DOT 7 XA



Vol. 38 No. 8

BBRZEREIEE Y HV e KHER ) o — A DR 1601

FramelD

(a) RERORXMELRY) 2 — Lk

10.0
: Ny
8.0 / 8.0
2% _
g g / 3
$ 60 / / [ 60 &
2 o
& \ o
z e F7T 27 O , é@>¢7/402
: B A B4 / :
D ; 20
- —— Yz v
: R R AR RN N BONODERK l_. SRR 6.0
1 20 40 60 80 100 1 20 40 60 80 100

FrameliD

(b) BONO % i 22 [ IR ) o — A it i

M7 K)a—2F—F0%EEIC—L AT 2 BONO 2 X2 XA 2 — Ll

FTNITY)XLDK 6 DKL

Fig.7 Sensitivity of interval volume extraction algorithm with/without BONO
to the spatial coherence of the volume data in Fig. 6.
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