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Dual Grid Generation for Tetrahedral Adaptive Grid

YASUFUMI TAKAMA and HIRoMI T.TANAKA

We propose dual grids generation for adaptive represented tetrahedrons. Hierarchical rep-
resentation is very useful to perform several tasks efficiently since a volume data is very
large. There are some famous hierarchical representations. In particular, tetrahedron-based
approach has been used because a tetrahedron cell is the most robust cell in 3D.But rendering
a hierarchical volume model using volume ray-casting is difficult since we can not understand
a neighbour cell. In this paper, we try to generate dual grids that show us links to neighbour

tetrahedrons sharing a face of tetrahedrons.

1. FLSHIC

CT *% MRI ic & h @ h - HRONEERER
HELTRLNSRY 2 —LT—2REBRTHBDT,

AN 2 XY %475 KIRESNICRR TN BER

BEDORY a—AEFIHRELENBY,

FY a—LF—ZORBNESHEBPIKEIIRL LT,
MAHEREERNC 8 A TIT 3 AEERWEY VY —
FHY R, 3 RTEMERRT ZREBMTORAL
TR THIMmkEERNICIET A L TEON
ZMmEIETFREDVN) S 5B,

THhEDHEIC L D ERE N Z B BRGEERTILR
DRV a—LF—R2DL Y FY FiciE, #EEHNSH
BNTWBELTOT S vavE™ R, Lofy
AT 4 2 TENO) BEWTH B, WEkeLER Y
U—VEECBRET 2N Tud v a v i,
AW BEICIRE & W B UG A DI F 5
B3 228N H5. &5l TDHiE%E GPU(Graphics

t UK aVa—2¥Ya VHIRE
Computer Vision Lab., Ritsumeikan University

Processing Unit) 2RV T L #7934 i3,
WAL A< B HE R L - mEi&RikE GPU
ICEZREND S,

—5B, LAFRY AT+ Y THERAVWTA IV Y —%
BENERY a—LEFWELVFY VT B5ED
i, FEEES 0 THRVY VTSI VTR &
NORS—BRICEBRLEVWDT, 8 DORIEND
TEEENTRTOTHH LTI, FORBOY
YUY T 2FPRENVESIKTBZ LiIc k- THE
HROKEAWIETEZH, Ay VI—FRIc LR
Y 2—LEF VIR ZBEFRIC 8 (GO EIRIEEN
£CTLES. &iz, BEBMOEQMEEN 2 (5T
OB FRBEZAVES, mEE&EEUREGoh
MO EHE U TRBEL TWANmE&EVEELMT
WEH B Y, Weiler SIET D& 5 RHENEHk-LLD
WHHETARTRML, GPU ZAVTHlitkiE 755
ENFRY a—LhF—ZDLAF+ AT+ FREE
LT3, UL, fbATWas7F—2iEGPU I
BHADIREOHBMNERTF—2THY, Bk
ROME#KE VB THEOT— S EERT ST
LERABY IR M OMAEESL DT LEXBNS.



ZTTCOMEORRAEL LT, BbA S Mtk
FATOBERGRERT RN TS 7 2ERT 52 LAE
AbNb. ERTIX, 42KRP 8RR hIET—
B BNT, BRI BIEABEL, IThkEVE
BRI ZFEVMRRENTVAID), %4, EHEHk
20895 L TERENS 2 HKRICHOTHEET
ZMEGkEIVEERT 2 HED LERIhTVEH,
COARETHELN TV AEEESERETRT VIV X
LEWFHEL TWEWDT, BFCHERERT L8
&, PEOBEHEEF-> - NEARFRRZEMT S
TLETARETS D, BHSBIVEERT BHEL YR
W &5 TEF S NI FERERN TV
V. Eblc, SHEPREBETEBBELILOLE
BMELBC LB EADNBFCOAETIRERENT
(Y- 1A%

FCTHRT TR, Takama Slc k> THRRIhR
WEMEE IS FRREPERED 2AVEC LT
BRERY a—bF— X OBSHINEERTRRE T
PicHRRL, WPAEIC K- THRON TR TR
BHOBERERERIINS ST (Dual Grid L)
2Pk 2 kORI TH 5 HmE i & EMEE RV
THREISERTE27NVIVXLEZEH L ERT 3.
& BIZ, Dual Grid Z{fINX¥hizMEHEETER 2R
WTRY a— A bAF Y AT+ TRITI T LICED,
FPVIVXLIEHTHBC LERT.

2. BEHEEERFER

3 RTHEMERRTARNOTVIF+ T THBN
AV ERWT, BARRY) a—L5F—X 2R
BROZECEIEERMICAHIL, AhRY -4
F—Z OWSHNE R FERELRICERT 39

W E AR TR, R RY 2—
LZEA% 135 0 RV O A EEFIcbT,
ZFNENOYAIL AT % 6 DORFENIR Mk
KAHIL, BEEEERLEVADHRICHLIBT
BEERLENLERAK 2 98IF 5 itk bES
RIS TREAZERTE S,

SRlEhiRZRBR 1 DOL S K 2 oREIC L DFE
&h, AR TFEITIL: 6 DOMEEEL, %
NEN29RON—+ J—Rick 3. 2 9KkDEg ./ —
RlammEEk-EL2RS, ki 4 DOBFED
B, Ammk, EEFNEEERT7 FLAO
2, WE&DEAR (TYPEL~TYPES) & HE{kDr
¥ (ER) LML TVa3.

A CRET 3 Dual Grid £RiEE, 2D 29K
OF -3k, SNV EERE L TREL

an initial cuba coll .
/ initial ﬁhe sizo
z / .

A
Totzabodron Cell / | \

'3y

ki A

Grid-Nodo |

initial cube calls

9-H-.6
ﬁ&&g%vv

TYPE2(Levell)

TYPE3(Loval2) ﬂ

1 EERREERTREOT— 208G

TWBEEEREILADY VI EERT 260 TH3.
3. Dual Grid &Rk

ER TN ESIMEAEFRROBRBRERYS
Dual Grid 243 3 FEICDWTHRS.

FHARTHW: 2 SRR R OBSNMERET
EHUT, TEWE) & MRl 25 2 DoiE%
FoTV3 (H2). HRfELE, mmEke 25803
Wi TYPE1 - TYPE2 - TYPE3 - TYPEL (&
2) W3 3EDOSE%E 1B LTRDEINEC
LTCHB. LD 1 AMOMICTES 2 9Kk%N2 DK
LRERT kiCL, TYPEI OME&EE N 2 SRONL—
F/—FEeT3.

¥, SAmiELE, OEEk TYPEL OBE, TWat
AL THEL W INmERTESmENTNc ks &
TH3. Tihbb, WEEE TYPEL /M2 5AkE, I
Ttk TYPEL IcBbE L TV A WE kD2 45Kis, &
AnfrkidEicks (22).

Dual Grid i&, B#licBb&50—1+/— OB
ERIREERL, 2 RPEIL/N2 FANOREERR
Z1 ARGl RIAC LELTORET VA
V=7 /= RO B ETHRDET T L TE
RTe3,

8.1 Jb— b /— FRADBRERGRDER

A% 6 DOMMEE GEMHRET) io8d 5
B, —RICEOYDHAIEE 3 O &S icAHRON AR
ICt€o T 4 DFEAET 3. Tetrahedral Adaptive Grid
T, ThooIhHFRENEBRICEEERIZE



L.La1t tetraredron
RiRight Letearndron
Als shuricg fase

IVEL at rect spcte

R 2 miitkoERE L Nt

BOXSETHidic, IHIIAERFER4DES
EXHSBILTWS,

TNEDYID AT AT 2T 3 L, &
— FEEGIEYIDHIC L2 TEL DL S I kD
TR ID BWTRT T LA TES. flXIE, Diagonald
OYIY B TR A EETEDHIL 72484, 0 BB
— FEEROTRIE, LA EDESIDS,5,2,7 TH
Thd. O, HBBEEHDN— PNUFEi#E Left, #F
HBEHOL D Right £33,

RITN— - DEAMGORERER 2 ZAVTER
3. WEtko 4 DOERE Vo, Vi, Va, Va, 4 D00
% Face0:V1,V3,Vs, Facel:Vo,V,,Vi, Face2:Vp,Wi,Vs,
Face3:Vo,,V2 £ T3¢, 0 BHDII— PEAGEED

F S

Di lzmlz',-'

B4 DS RRT

Faced 723t1 LTRSS 2 UkIS, B CIMASIS &
BFD 5 BEDN— FUEklc 5. FERRIC Face3 %
HAELTHBRT 3 L 0i3 0 BHON— ki &
%. ¥z, Facel, Face2 ZHHL TRET AL DI,
WEhoI— s T B O M A g T 0N —
PEEEKICES. TOESICLTWThoOYbETE
2 EAVTERKT 3 — MEFEREIFET B &N
TE3.

#1 - rEEk
Root ID | Diagonald0 | Diagonall Diagonal2 | Diagonal3
0-Left 6,5,2,7 2,4,3,6 3,0,7,2 7.1,6,3
1-Right 6,2,5,4 2,3,4,0 3,7,0,1 7,6,1,5
2-Left 0,5,2,4 1,4,3,0 5,0,7,1 4,1,6,5
3-Right 0,2,5,1 1,3,4,5 5,7,0,4 4,6,1,0
4-Loft 3,5,2,1 7.4,3,5 6,0,7,4 2,1,6,0
5-Right 3,2,8,7 7,3,4,8 6,7,0,2 2,6,1,3

8.2 /2 DXRADRHERIFRDER

N2 BARADE T EOBHERRI itk E 2 28
THBET IRB Twee) Nirz) oBFicH-
b, mERFL TV INEKFRTESRC LickbE



Root ID
0-Left
“T-Right
2-Left
3-Right
4-Left
5-Right

Face0

NO‘NO‘&O‘IE
&U‘chﬂg
w

O O x| ={ | Cn

BT23. F2 OWEKLLR KBWT/2 4ART
BB 2mmpk L, TAROMRICH 5 MER LLL
&, W ORFIcH B MER LRR THS.

8.8 M2 DRADBHEBIRDER

2 ARSI OB SRR OBERERIE, Mk
TYPE1 Q%A U TH#ET 2mmkzL—F /—
RETBN2PREBICERTZ T L TERTES.
RxiE, ®2icHBT TYPES OFRMAE LRL Icfif
B4 2 mEkic B 2mmEkis, 2 2RATIR
LRR (38), e AR TRBELTWI/N 29K
T LRL &2 L= RLR & WO RRBEERRT 2
TLTRHETZITLNTEAS.

3.4 YU-7/— FROBHEHMmE

BSANC I & himiEtk- VRT3 VAL
" THBLAIVHREZEADHEZDT, D2 PARL
N2 AARNOBBEBROEREY—T7 /— FETH
BT HLEREONEENY—T7 /- RICEL VT L
%3, COMBERERT BIHIC, FFETHWE:
WISHRGRRTFRRS 7Sy V RER LRV T L&
RELTVWAZLIiCERTS. H () kRT&LIIC,
BSHIOEHRTRBRIC 7S5y Y WHET 5186, B
5 tRDAAROME -tV & BT 3 WE A0S 8 L
~UVOBIRBK2 THB. LHL, B5D)DLIK
259 I HEELEVES, BEET ZMEAROsY
LARNVDOBIEE 1 ENER S &ADID. TOT L
EFET 3L, ULV 0 O IIRESEmE AR
ALV THD, E2BLVEN-1 ORIZRIERY
ZMEEOBRHEE — DBV LAV ETRFAEBENT
=7 /— FicEB O TRENmEIMEETE LT
23, UL, SEILVEN+L, DX DBREOH
DY —7 ) — R CH S HNMBREOHEEELSY —T
J—ERTixVvEalR, THIE—ORVIRIVETRE
IS8 SS. T0&SKIGEIRIEREEES
T eHNTREVY, REONFAERAD TYPE, HEMH
O ID(FaceNo), MEhDME (EH) ZAVWTRE
TE3.

BEOMEED TYPEL TRO LD TYPE2 %
BRLIVE, HEEID A1 561, BBOmERD
TYPE1 & [E L L~ IVoORENmEEEICIL > kD

WM& TH D, MOHAMID &5iE, Hloillorkk
OMEHETHS (B 6(a) .

BfEOmimntAS TYPE2 TROLAND TYPES %
BRLIEVWE, BommEkhEmEaolE, BHRmm
ki3 TYPE2 &R U LV OBHENm kR ATl 7=
fOMmEETH Y, HOmIEIERZESIE, HD
ERl->725e0mmachHs (R 6(b)) .

BUHEOME GRS TYPE3 TRO L)V TYPEL %
BRIV, BEOMEELAERE CRATID A
15618, BEEmE& TYPES LA UL~ VORSE
MRl - = eDmmEkic, iodtFEID &
BIFHICli--e0mEkTH S, Eik, REOHME
#HERETHER ID A 2 X518, BEEmk
TYPE3 L[ U L~ VOB EEEICH > 58D
mikic, fioHAME ID & 5IEEICH - eDME
#%THs (®6(c)) .

Y—7 /= FRicB " TRET Mmoo RL~
W ENB D L 2DOFE#% Procedure_Find_Tetra-
hedron_AtNextLv IZ7RY.

level w2

BIIINNN

5 SELLon

WII2863IM

8.5 7Y XL

PEoRrErBEMEm&kRLY 2 2RKOVY—7
J=Fic3xTHIFAT L&D Dual Grid &
ST HTEHTES. A7 NIV XL, Proce-
dure_Dual_Grid_Generation 3¢, Procedure_
Binary_Search_For_Dual Grid ZRIICFEGH
FTLiLLDRELTVS.

4. REER

BRI UTRABRU DA T Y BRI IR
D PC #5A&1E, OSH'Redhat Linux, HE/ —F
& LT Intel Pentium4 2.8GHz ® CPU ¥ 2GB DA
LV ARV RRORERE R, T7ANY—)—
¢ LT Dual Intel Xeon 2.8 GHz ® CPU & 1GB @
AA VARV FOMERL BLOBMEHS. B
REWBIC C++, BRADTS 749554 T3 0k
VTK4.0, ¥ T 055 LI MPI(Message Pass-



Procedure_Find_Tetrahedron AtNextLv(T., 1)
T.:a tetrahedron cell of a node of binary tree . . -
Ta(i):a neighbor tetrahedron cell of T sharing t:n
face - '
i:face number
begin
if Tw(i) is NOT LEAF then
set temporal T, (i) to neighbor cell of T,
_ ~ at same level.
(* Estimage cell type of T: *)
(* When a cell type of T. is TYPEL ¥)
if face number is I then '
get LEFT CHILD of temporal T (3);
else ' - v
" get RIGHT CHILD of temporal Tn(3).
(* When a cell type of T.. is TYPE2*)
if a PARENT tetrahedron is LEFT then
get RIGHT CHILD of temporal T (i);
else
get LEFT CHILD of temporal T, (i).
(* When a cell type of T is TYPE3?)
tf ¢ CURRENT tetrahedron is LEFT and
if face number is 1 then
get LEFT CHILD of temporal Tn(i);
else
get RIGHT CHILD of temporal T (i).
else
if face number is 2 then
get RIGHT CHILD of temporal Ty (1);
else
get LEFT CHILD of temporal Tn(i).
end
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Procedure_Dual_Grid_Generation()
begin
(* Initialize *)
Calcurate vertices of dual grids
Geneate dual grids between ROOT tetrahedra
(* Dual Grids Generation *)
Binary_Search_For_Dual_Grid(all binary trees)
end
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Procedure_Binary_Search_For_Dual _Grid
(Tree, histories)
Tree:a pointer of binary tree
histories:3 bits for recording a way in binary tree
begin
(* generate dual grids outer subiree *)
if Tree s NOT ROOT
(* generate dual grids inner subtree *)
if a type of tetrahedron cell is TYPE(
(* Recursive call *)
if Tree is NOT LEAF
histories{cell type -1] < LEFT
Binary_Search_For_Dual_Grid
(LEFT of Tree, histo-
ries);
historsesfcell type -1] < RIGHT
Binary_Search_For_Dual Grid
(RIGHT of Tree, histo-
ries).
else
while (face number < 4)
Find_Tetrahedron_AtNeztLv
(Tree, face number)
Binary_Search_For_Dual_Grid
end
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