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Regular Tetrahedral Lattice Coordinate System for an Equivalent Arrangement

of Bio-mathematical Models Reflecting Objects' Shape

Satoru Honma™*, Member, Hidetoshi Wakamatsu®, Non-member

(201741 A 4 BH3AF, 201745 A 11 B E3%A)

Mathematical simulation is utilized to visualize the invisible phenomena, such as distribution of temperature and/or

stress in a concerning object, by using properly structuralized nodes on each grid point of the orthogonal coordinate

system. Here, the close-packed nodes with same effective radius are set on the vertex of regular tetrahedrons. Thus,

the mathematical simulation calculating the interactions among nodes can be appropriately performed on the newly

proposed coordinate system, which consists of continuous connection of regular tetrahedrons with six basic lattices.

Then, the regular tetrahedron lattice coordinate system is well confirmed for the description of definite nodes having

interaction with their neighboring ones.
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Fig. 1. Structural description of an object with the connections
of nodes.
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Fig. 2. Definition of the basic axes in the oblique coordinate

N

system.
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Fig. 3. Definition of the six basic axes on the oblique

coordinate system.

Fig. 4. Definition of the six basic lattices on the regular

tetrahedral lattice coordinate system.
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(a)Computer Graphics

(b)Node Model

Fig. 5. Relationship between the nodes and basic lattices in the
first quadrant (3D-Visualization). (a) Representation of the node

array by CG, (b) Correspondence between the basic lattices.

RY, AL a—F T T T 4y 7 EZHWT 3 RITAIIZEL
T=DM Fig5@)Th v, X FERMT, ¥ XK T, Z AR KT
BLOXY KT, YZIT, ZX KT OBERE R LT DM Fig.5
OTHD, 12721, ZORNIEBIT D XY T, YZ#T, ZX
eI, XY BEARM T, YZ IR T, ZX ARk FZEnEh
WAT 72, RS A EE LRV T Th 5, 7ok, KHRITR
L= ARG D fIE, Figd PORERETOEEHMIET D,

FRIZENT, /—FREHTRLTEY, YIERARK 70
DT IR LI/ — RERLRLZETRLTWS, T72
bbb, RUEAD /) — RiEFR—0 Y& FEECTRAEESNS ZX
i EICFET 5, KW LR L 91, EAKTOE
FiCL Y, ELEER SFIFRBEOHEEORMEE (515
fR) & LCRIARIEETH 5,

O X S IEN R Z R E LI RICEARK 1B
KO FFERE % TE D T AR R &, ABIFSE T IXIE U R4
JERESR (LR, ARERER) LEFRT D,

(3-4) TFHEAEFEERICEITHEFEEZEDETE

FROXIICEFR L X, Y, Z, XY, YZ, ZX D 6 KD FEAK
F & TN BICEATARRFIC L > TEBNICER S DK+
REBRAT DI, HAR T % N L T D8 T RS & E
£95, TIT, BEREFEROFRE BT 2 L OICEKE
U7z X FEARHE A, Y IR A, Z FEAKE A DA i % AR IERE R
DFREEHRT D, ST ORET HEPHETR2OT
RIZZJERE & [FERIC K TR S T R ORNTAFATET A RE DO
SEFEUER L L CERFEOEEEZEET S, TRbbK
TEEREL, TNENOEAREFIZONT, FRazas L
TEREROMHEHTHY, MR 0 LD L D,
NEZDOV I ab— 3 T/ — ROMNENBENT S5 A
REMERH 20, / — FOYIMIEE O (X,Y,2) &id
5N EZHWTNWXY,Z) ERLT D, ok, —RKIORER
JHERE SR D IR ET & KB B T2 DI, ABEAE R DS 7 LA
B KXFCTRLT D,

Yy BN D R ZX il & SEATRE O ER Y & & HAM
FORAR% Fig.6 IT7R7, —HD / — RO & K HAR
TR+ OMATH M Z X PITR LT D, ZDF5
O RISE, YT EAESMEEOE (Even Layer) & #73K

1333

X-lattice\~< ¥

\f-/:". .

N(0,1,0)| |N(1,1,0)| [X¥-lattice
N(0,0.0)\ [ N(1,0,0) | N2,00) |
AN A 2%
Z-lattice i 5
N(0,0,1)

. & ! " v Y
N(0,0,3)\\;‘.‘ ,f/.// \\:“ ,i// \\:\
T R e NS

Fig. 6. Lattice coordinates and the direction of the basic lattices.
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Table 1. Relationship between the lattice coordinates of the
nodes and the elements.
. Layer Code
Kind of element % 7 Node 1 Node 2
Chx X Y,Z X+1,Y,Z
Chr XY, Z X, Y+1,Z
Chz XY, Z | X.Y,Z+1
C even XY, Z X-1,Y+1,Z
h-xy odd X,Y,Z | X+1,Y+1,Z
C even XY, Z X-1,Y,Z+1
h-2X odd X,Y,Z | X+1,Y,Z+1
even even XY, Z X-1,Y+1,Z-1
C even odd XY,Z X, Y+1,Z-1
h-rz odd even X,v.Z |xvy+l,z+1
odd odd X,Y,Z | X+1,Y+1,Z+1
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& Ot AR TEBRAUZ DN TR D,

KIEEZ DR plE, LROBBNC L=~ TRE LT
WABDT, BEREAERIZIT D TR (Xreals Vieals Zreal) 2
TS (X, Y,Z) BEOKTOEAR I ZHNT, LTD(2)
~(A)RTRTZLENTED, 2L, FEERDFRLE
RIEEZRDOF I —HZ LTS ET5, 2B, RFTHO
72mod X AmodB &G0 L2 & XICAZB CRLZEZD
Fl&x£T,

THICE Y, TR O ROMER—BIZRET
50T, [EEOHEOERICEDE ) — RORENA]
RETH 5,

X :[X+{(Y+1)mod2+(Z+1)mod2}/2}<[ ..... (2)
yreal:YX\/E/:;xl ..................................................... (3)
Zew = Zx\B/2+{(Y +1)mod 2} x\/3/6 [x 1w (4)

(4-2) ENEREFERRICETS2VEBROBER
WROBEINC X 2220, JEIAREE & OBBERE, W)
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An object A section of the object

Mapping of the section
on the coordinate system

Decision of nodes
and outline.

Fig. 7. Arrangement of the nodes according to the shape of

the objects' cross-section.
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MEpZLixcaEny, /—RERAWD RBIETIE, BREO
EARZZE L2, EEOMERMKRT/ — FERETE
L20DT, MIEERERERT LI ERWRETH D,

RO LD ITERE LTS TEERTIE, ZX FaB Lz
AUEATREIT Y R T AR OEIC K 0 AKSEHFm O X L% 4
U % D3 NG COBRAENTEND T, HAZEER DK
& FEERICH| D Z ENATRETH D, T2 T, HBY I 21—
T a VTR BRICOWT, Fig7 1R & 5 ITKET
MOWHEZE 2, TORKRERFIERIIEE T2, 58
DOHPANICH DT LD/ — BN, 4T Wik a4
5 EERT D, —EMBTRIR LR AW Lick
ETIUE, T EERCHEOIREFH T2 LN TE
2,

L ZAT, BTIERTIIREOEARS, ZIZE-o
TIRESND IEWHEEO S X7 & CHif b2 B8 2725 DT
MR S 2ICHE L, Lo LS, BREOREAR
Ea/NSKRETNE, HBHEZBROBEDTREIZRY,
B I 2 b—va VTREBEY S WEREICHIEEIRE
HET 5 ZENTHETH B,

(4-3) EMUEAEFERERICEBEL LG

REEFERICBNT, / — REALEIRICELRE L7z OO0
% Fig.8 1277, [ VPNT X AT, ¥ IHEAKT, Z
FEAR T HENCFEEO ) — FE2EE L CTHELZESRT
H%5, FROINULED /) — RE P& LTZEMMICER
OB EIREL, TONEICHFET D/ — FIZX ik
L7ZERIETH 5, FRC)PIE Z AR T OHTHIADES &2
TJEE LT LR OMATH B, RPN X
AigraPLE T _EMNEE X, SIMTOMORAMT, 7o
WIS OAMANZ D BIFAET 5 7 — R & B BERE L 721
PR TH 5, [T RIS 2 K 2 4 (Brain)
IREK (Bye-ball) &, FRNSCRERELEDTEND DM
WCTFET DU E TR (Skull) ZKBRL, L MERHALE D
—H%TDLIICEELTMETH D, TIUTERE TR
L72 MRl E{&ICESW T EROFETHIREZFR L TV 5,
AP MRIIE 1~10[mm] R TR 7 A AfREZHET D
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Eye-ball
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Brain

-~ Skull

(e) Human Head
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Fig. 8. Various shapes of the objects constructed as collections

of nodes.

Fig. 9. An example of node placement based on MRI image.

23, [FX(e)Tix / — FRAEEHEZ 6[mm] IZF%E L T\ 5, Fig9
1% Fig.8(e)DET /N ST 57212, MRIIZ K DEEHELRIR
AR ORNFEIRIC / — REELE L7-—fFITh v, #a MRI
EfgE—EH L TWD,

& ZATEL DERITEANBRTERNED HND HDOD
B [mm] FE O N2 ERITEITAEL 2 50 THY, 20
BLED  — FOAZNEE 10[mm] LATF THIUE, Bk
REFBHL WD ERRTILENTE D, £, HERE
REBLOT=DIZ 7 — FRHIFE#EZ [[mm] & U TR Zm
LCh, AR TS B OB 2 5 < BREL T
KISFRETH D,

INSDOBLENS, ERLEFEEHY, /— FOoESs
TLEOHIREZIZTHBAE TH D Z EBXRIN TN D,

5, EXEFRRZRAV:/—FREEEDLE

(5:1) BEXEEZRICEELz/— FOFEEMmE
IV B D EAEAE R CIE x i, y i, z§ihoo 3 Rk
RO 5 BALED 2 IR EFNENERLTHDT, F/hRO
FEVERC e 2 H A I EIT D, ot & EER D5
DT HDC, FEREEEIREEIEE L0730,

BRI E LT IERE Z W2 < OB I 2
L—33 T, Figlo DX HI2 12D/ — FOESLFKRD
HBOHESET D 8 DO HEOKTA R & OMHAEAEM %7
BT 5, EAAEERIL Y,z D 3HhE LN & TRMT
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Fig. 10. Relation among the nodes in the orthogonal coordinate

system.

BT OFEENFAETH L, /— FOELHAEEHL S 54
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X 6fE, ORI 1218, OFZ8 D /) — KN TSNS,
KAFFETIE, (2-1) BT LHICEEEK T 57
WICETD /) — REH—E L, TORETDHPANEM L
TWHBBITHEERNEL D EE LT, LR THER
JEAE R O OREDBEE L T2 ) — FOBERCH L &5
Z OB L OO T M L2 VT, (1)U LK

HI2nG, b EOBICREERZE LW EE 22T
b2, LER> CTOBOAZE LEEEEZIT2O D

TAMEAER & i L CHEAERIIEL 75, 2ok, O
BLUOHOEEIIZTN TN LHEMT IMED /) — RE2R
HLTIRZL, »2WE2KAENT ) — ROITRET 5,
Lo L7 b MRS 2 fife & LC, BRI S HEA
MR E DR LR ERER T 2550, SHEOE
Bz SSHICEVTORO ) — FEOMAEMEM L EET 5,
ZOLE, OFHIFEL IR D EBEORE L O A RE L
THEA] ¢+ 1 28T 2B 2O 2 BREORE D 5,
ZOH()R TR LEEES TR L IHERMEN R - T
BY, BEFORIPAREIEREF—T, FAREOHEET
J— NEELET 28608, HERLMNT 5, £z, R
BRI, HERZOFWREMEZZE LT
by, OB ) — FORBLEETIEALD
B2 EMNRRENTHDON, WHEEDIMAE W TR
PHEEINTWVD EWIHRHENIEH I N TNDL T TR,
OBEITOME L OFEZRE L CTHEA 1+1, t+2 ITBIT DM
(72 BEED T 3 B OB EL 52 50T, REHEERIC
PO BBIOBHOAEEBE/TIHAL VK& 2D,
EBI, MEAEET~ 7 27 2L oAXMIC LY 78
WETHY, VM BHEEIRLEMETH D 2 LR S
NTnd, LERSTHFET ML DBREEBES
LA, WY NT A—FNEE S TOIE, R
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IR OHER 2N TRE TH D 28, SL TR TR D HERF
MARFREL 2 DHENR D, Fiz, MU AHEE L0 E 22
KRR D 7 AEE TR EZMERT 20T, MAEHOZE
REBSFEEE T, HAMRRE L EBT 5,

IO DBLEND, EAJEER T L at& BRI,
7 — RO GBS A ERAICHEAR LT WHLER S 5,
—J7, WARHEFFCIEBE O — BREETH D DT, T I =
L— g VORI B E b EZ LN,

(5:2) J/—FOFREEMNDR-EEABRDLE

R 7 — RIZE A AL <, RkmcEMEREh-
R ETERT D, ZOZEMITED /) — FIZbEENRE
k72 DT, FERNORREITEE R ARETH 5.

RIFERT Bk L7z K S B A I T THHDOT, / —
ROFHEFITH 4% TH D), —JF, BEREERIZBNT
Fig9 IR L7c & ) e 7l /) — REBE LT, TN
M THNZIE / — RPBEE L W RWEEOSHE, /— K
DOFREFRITH 2% TH D, T7H8bH, AR ILE A AT
&P U B AR FTRE A IR 2 55% AT 5,

J = ORI S WAL, BETS /— FHoO
ENMMEEAEEC RN BTNz, Bl L= X 5 I24ER
TR OBEAENE L D Z L EFBFIICKL 0T, HEARA
REZ2 SN O IRBEIZ B BRICAFE T B ITEE D /) — K L AR
ZDOFRPHTH —THd LEHRTENTE D,

INHOBEND, REERIAREFH S I 2L —Ta
NZBWT, ZERIN O RKE Sy O Ik A A rTREREPR & 5
FETH D,

(5-3) EERCLOHEBEEOEHEETMOFIE

JEFE SR OE T & B IRBEE R OSHEEEZ R 5720
(2, TEE SR O 2T 200D % v T, BRI
FRIR IR CIMOIBEE B4 55 2 7 9 A #1808 L7 S
YIalb—ay, BIONRBETEID % 7o piE 5
BOFREILET S, ThbbiHyIal—1 3T
Fig.11 T/ L72 AMKBEEEELE T M2 7 — U = O EYRE D
ERNO% 58 U CRMPNIREE /3 A 2 3R L, M S DS
AR U ORI Z B 2722 5 . BARIIZIX X, Y, Z D451
I 40°(=64000) » / — RZ&#%E L, M4 (Brain), Ki§ (Skin),
g0F (Skull), HRER (Eyeball), Mm% (Blood vesssel), AM#
Biti (Cerebrospinal fluid) @ 6 S DIEEIZAET %, Zh b
RS20/ — RIFAE 025 (Air) 2KET 5, Klgss
BROERONEE, BBBRE, FIWHEES X OWHR
ATEAPE A B SR & B, WIHIRER 2> B AR ORI 2 i
(2725 TIR2Y 39°CE T EF L2RFRT, R FIEREM
% 35°C &9 2R AMEIRRE COMBE R 2 G T 5,
BRI IERRIE TIE, AR SRR L EAMMmEID S
HIEER R I S RS F LY 0 B 2 D mEIE T L % il
U, HIEBEERILEEIS7 A il & R o3 il 2 M2 5 e e
FIAEAID & Uiz, SRR EURRIR R T, BRI L2 Y
UTVIRE D 5 KRB MAE O—FIZHA L, ThBdh
DI D> BN LT ARIEBRIEE O MR & 1RA L CIRE
ENTMIEDS, BN EIEER LD DBAATH L CRMIN D EVE B
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—I/

Eyeball

Cerebrospinal

fluid (CSF) etc. Blood vessel

Fig. 11. Classification of brain tissue model.

W, A a2 b—a r EERERTIIVTALES
ONFEEIRIREFFE L) AR ERAL, A O
BEIRICIZARIEER LTV 2 37TCOMEN AT D & Lz,
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EEDIRETIRE T DIREREMNOBZHIR TR I 5,
WK &K EBR T 5 AR 2 7 O PR IR FEBRE E HL Y
fHFf=dmon 2 a 7EE Uiz, HKERKAHEER L TR
AL LT24A, mkfl LA c2h 2 hmEgs & R
FRCHREREICET L O ICHHE - BT 5, mEIgR IR
FROREANIERIEE OGO A X0 7 EE Lz, EBROR
B X0 HAKERAKDOBRIEENRHICEDRWEEIL, F%EA
REZRIRERANTY VI VROREEZRET 5, 70k,
By ab—ra BT, HAE & IRKOERE Y
fizBE LRy = AV ETFATHET S, £
72, B I 2L —va0D 1 VA 70 ORERINE
I 1 [sec] IZE%E L7,

Y2 Lb—y g D71 YT A Microsoft £ Visual
C++ 2010 Express CTERK L, —fi%f72 PC (Windows 7, CPU:
Core 15-3320M (2.60GHz), 3.20GB Memory) T34T L7,

BEE T VICIIARERE R B LOEREERDENENE
WHUHEST S, HEKELZR L7570, BERBERIC
DNWTIE ER L@ ETEET S, / — FRIOBERHIK
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IEE—ET 5, 2B, B Iz —va L IBITH%E
ROWREEL, HRAER TOEREIZE-SWT 2521C, JEH
1.5[hour] CTHRET 2 IE5LE CTITIL, *0.1°CHOHAGHEE %
EELUT-, METEHERIZ 0FT L L FE—TIRICEEL,
[fl—D7 N3 Y XA TIREFIE O IR Z I Z 72 WK N
DOREZENTS, HHL I 2L —3 3 0 BILOHERER
TN DR BEEE L T, 02COREHZ2HE L,

(5-4) ERERTLOPEREHRLELURREAED
teE AEEERRS L OSEAEL Fig 12 1077, £33 3=

U— 3 v L BORSERR T, IMPNIREE Y B AR AE 4 0.3 C DR
RO SIREREZRGT 20T, FHERORKL 0 z48bE
TRLTWA, HFLY I 2 L—3 g 28BIF5 20000[sec]
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Fig. 12. Comparison of two mathematical simulations by
the different coordinate systems and model experimental

measurements.

Y OFEBENC 3D > T-HERIE, AJERE R TH) 384 sec], ELA
JEFE A TIEHI 495[sec] TH o Tz,

RSB CIEBRAA T 3 W] 2 %l L 72 Re S TR EIK OIR.
FERER L, BEEENRAREIC /2 > THIEMS EH LT
DN, REERTE I o7t B#y Ia b — 3 Tl
TUZBRELTWD Z EBNRENTWD, —F, BHEAE 0 »
5 1.5[hour] IZHBWTIE, HEEBROFER LD KK 0.2CH
ETEI->TWS, ZiUuE, ZOHMEIY oMY T
7o CTWZHHMENC L 21T & &/ (under shoot) 73, #5
FIEBRE D KE NI EEZRLTWD, WEIFHIEE Y I =
L—ra v ER—DREITH DN, ERBREEEOMKMITR
REOBZHAL U TRERE (5C) LEF LR TN
o THICHLT, HHII2L—T g T, HIAEO
IOV TIEa v = AV FETE L, KA L DB
R A ZEET, ELMARORED 100%72 DT, REMR
JEFE TRAICIRER N2, BREHE O BAAHIRC X
U VR OIRE BB KIRE S ZIE—SBT 50T, v
a2 b—va UCIERMARIERER A LRl s7 B X
BNb, LnLARaBnbaRzml T, EHEE oSk
KTHE0SCTUNITIRE->TEY, HRIEROFEE Bt
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B EHBBRELTWARY, 207D, —EREOHEBMET
BOLNDHDOD, RIFCHBLL TWD EITFWEN, 2
NODORERNG, BEIZEER & il U TR R I I HfE
ATV, KOKREREE Y I 2 —Y g VEEBL TS
ZERRENTND,

(6-5) EMEAKERRICESVIalL—Larv0EAR
HORET AEESR T, REWE TH L ENH K Z

feBLiE Lo, —EDRANIHE > TR S 1L 5 A T %
W THEAJERER & IZERFOZEMFI 2 EH L T D,
ToEE, T RICHRET 24/ — N ORI 1A
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Fig. A-1. Continuous arrangement of the cubic structure which

is inscribed a regular tetrahedron.
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Fig. A-2. Cubic structure that is constructed with a regular

tetrahedron and four right angle triangular pyramids.
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Fig. A-3. Continuous arrangement of cubic structure which
includes four tetrahedrons that consist of three kinds of diagonal

lines.
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