Bernd Ham ann

SZvaltavan

= e io[25[202]

- OB]E’(’T’ AND MATERIAL F|GENFUYNCTIONS = Cont oA,

:Z_C_if’Zac“cm e;’g_@fu»ez{iomrt lee a/:'.reu_r.n'O'h O'F e(’Jehfunc{[«.\hJ wmalers

LerZ efjehfuwcfious e

i -2 |

-l J

“open el Al

Ve
PN y
f’en

T L =2]7
A=A AD=(3-1)
TE e
el s (T Gl
e IxEq»J]?=(2 4) 70

OVf)nb'hoqul ba-'li {e }

®
<
)

0 4-1

'F :Zzz. 4 @Z )
e, =X et> = V2]
2z :<#) ez.h>:gv—s °

=> Fe‘t'zl—lV{ Vcc‘iolf

L.Zl lbb.l.l('é/r Zzo Conslder (G'z' ZC&JZ‘)'-é:
F‘d*’ﬂ(‘l%tn'}'ﬁvl %C%Lll)(/[\f 7?:: p/:f"niuj and

. y
CDW/JL‘;I:'-'J (= %u[-/.'—;cqft f,'bj,,/o,;».{l

1/

4
_,5-;31.,4,-)-“,:’ {ca{q/c V{c'/ov 0.’2 a 3D venel

Segments

_Q C'G‘h.fc'é{erihg a subsetits) of o 3D

= (C‘” ¢yl =(Vz_13V'z-)

I =2 |

i 3 4

1) ¥ ¥ =

e R AR O =D

N (-2-V3-2-2417) [-2 i o]

= [[]11-1z, 1)"/2
= (=1 ,l)/\)"
S T

- Ex,mmz f= (). i

ovi‘l«,od—; ovn, al Liaiis {@‘-"j‘-=,:

—ﬁe = Z’Zi'c @,,,

Vo xel sejwrn'll/ Obic ican drlecmize e

an -_11:2-6-‘:—/[4»:‘['[0‘4 éc;_]{J 7fov Z(I.H'J [’[L»'f.ft)

.quJc{'{—f)) éﬁ!ro//)h/cg, on Zhbe Vox el
MWesh ane Zja,ovr»j Lo 2 aus Vc.lurJl
and {l’ra _6_)_<f>qta/ -lec Jr;‘»,,..."}l\f

(ch-».,..-?-s') W aSs —fu""'{l.bh(..f)ﬁ Zb

szdiﬁ‘ff'r»n/:«:o._. basis, In othe words

a 3D yoxl Seyment with anociatrd

[ok daisl) Llawedi ok, |y sdice ﬂ@ would !95'
represrnded iy a basis /@:7 ;lgv,
~with N being 2he numbe ot voxels
avd Zhus voxel-ajiociated mau values =
/eao/{hj 2o the exf«tnh‘on#-fgc-@‘q.
Tlhe boleffrereet sct fc,},,m

€

ill( Jea‘b,ﬂ-'}_; ’bykltl‘ _f(a/f ff‘.‘}hrr yfc*br.
TEITEmrEESEtEE, | SRS

Gieven| o 3D voxel Jr;‘hvrn’// ou< Compu'llf.f

M-W"il’ ﬁ én‘»; a4 Mgyl weatrix avd

K éc[»z a Sl‘f—f—f'nn) Neadvix e -por the

ehfire ngwznzt sy a Sc;‘mz»t .SuLS‘{(S).




Bernd Haran
Si'a ‘JOVG:»,

-12- 10/25/202y

) o_QJECT AND MATERIAL FTIGENFUNCTIONS = (Con?’d.

'Za}o[a cian ec e,,fm.;{fo».r:

¢, [= {f &75 =527
g, | = <f}@;)= 3\5)
Gz 1= <1¢,@;’>=5*ZVE.

> Feailure vector

= (C'.j <, c3)=(5-‘2ﬁ;3r?;5:'2ﬁ),

Alha 17:5: bared ov, MT' K2

m, mgz /2 O- -2 1
= :'L' =P

' 5 M K:[ “: ]
i Z

-

TkC ?nai’Y::)( M-'K (Or "ﬂ-.K):’fqP‘llwrtJ

fée Cigry fyt_?uru? ég/pquo.r ”a-ﬁa 2D

sed | ol Wexels wildh asoled ated Wrari

valaes, 77)41.; Zbe Sigenva bupr s f
MK divetly define a 3D vexel

Sej’m en?'s eo‘;zu /n-fmm C e S m— wl;,»,
e A —————— e ‘o r— R

y[t"":"j ‘£17z 571«, ru‘zL asr &G /qu/__(/,“'ui
571-/f»- i(ka‘é 5;:,'/1ai(5' c'oul‘ﬂ{/oofﬂ.f"‘/{]
o.rczzza'l'c, T})erz-forc’ one caw also

alt-fa"ne g s lles soalle —fea'fvb'r Vectov

based on Zhe el:quVd/v(f Az (oy
B:jfh'FYejuvnc::eJ' w"’) of M-’ K,

= el AL
I:'/" -'/a:’)‘/Vo'te: /-F ome weve 2o 47/737; vmethod 2)

A = (=-3-V3,-3+13) /4

= F eature vector .

{ &7’1-.:(-:—\[_5! 1)”/(5‘+2V§'))
@7 = ~1+V3, 1)/(s-25) . {

B LT e «) Y0
‘-2 i =4 l =8__ M.'K=[|Iq _0/2 "y
S 0 ‘g7

A =(=119-044-0.12)

= Fea'l’ur € Ve ctov

1 T eee )

?-1-0 amn elnzl:rc-po.uiéli VrrJ ZGVJC“-?:D
Vox ¢ ‘_;cg'hqru i‘, Ohe Mmus?d A’nf Zn wind

2hat (Z) N—' bay 2Mop=Zrto Valueg

("mq,u W:-Va)uz.l)—o_u__/; on i+« ﬁﬂiowé(

0 0
anr/ ,m‘.—ya[‘lt.l ar e cloJe Ch va/uc
— )

('hof a[Wa;_g.') a.s £4t7 Ag/o»j 2o Zbe
Sam e JCJ"""“{"G%(/{ (cc) K l)u: fLe,

Value -6 (oo [éS -Oé:;agoha{ lééei:.}

Zhe Meamber of a voxel ’.s -face '»e:?LLor.r)

and %ax[-ma[/y 7 Noh=Zzvo Va[ur) P roW,

Via bawdw: ik minimization N'K
Can be stoved andd aual7z¢1 efficiently,



-8(?1(1@5[ #ahqun = N3~ tol2&/l202y
Stvatovan

w 98]?(7’ AND MATERIAL FIGCENFUNCTIONS = Cond'd.

:-__ij/aciah G‘[jf:)funcifoa.r: MCLLADJ i Ganliihy a,{q,/;'f(,/ {usxlow./

i MULT IPLE /%ajl)func'/iouqf o/f-F{hr/
B W =40 | OO
, . 0<4 100 éJ, scts of Segmmnon t subuete, all
fEaiemiali
= 4
2 3 l- 00| trdi0 L)av:u 2be samwe v derlgin z‘tm/o/a'fe
T i R 00 1 O-4 ) J 3 J /
Lel ]
P {'C/WJ' o-F @by e"jep, unc‘{c'oh AQJ:J
j /\\“"6/"’)""";‘2), B e
T [@L j_ Fov 6)(4#1/’/(/ 24 e .5—"105*:( {rhp/“/ﬁ
er=1 1 42 .‘,)T/zv';, e
e = ("’n 0‘ 0, 0 ! )___ / \H, Shown [n 2h < fijurc (/e‘F{') Eet | B wsed
e;,: {-‘) o' o) 'j o );‘ / Vz) 0 4y
e, = (=~ , 0 0 )7—, Vz, o ijoah:/ Subyets o F o larje Z-D/’;)“(
ef= (L2 al 1 [ 2V, e
Jea‘k—.gu'!) as Zoha G 5 'élvc .fu-'>J¢1LJ'
Data o[efim'hé 4h < 5-pixel eead Ll mmemy
"o/:n,"‘feu,fla‘l‘t w‘:u. u.,:u( Qyr e Zocal(; dfqel""f‘{ Ovew z’l:f _fl;swn—.
-Fol/ Ex,:m.d{»J q.5—~,>:xzé
.;C?M‘,h-l--{’uhc-l-ioh# via {’P[sz S2vuctuve = and al({,’vc oﬁ
Zh ¢ {en./:la.{c'-f ‘thl‘fnv""
Scale elaeu‘F“~=+"°“'-" Q: e a "(Zeml;l&{'elJ fZ)fzt-f ézlohg +e / Z;c

”D'l‘ef {e""} (S mot ay ortho=

goh il Lasf_'.f.'

bl A ;?w-n.-f 2o bLoe qln‘[jZeu(.

o TAe OL 'Gct"c'vt s 2o dessgn an alygo-

Equh‘{ ]? as #’-:Zi,:'c‘.@:”; J J J
eie vithm bascd on Mmrethod 2 Lhat is

e-{-{fcith'}'. 7he /ﬂw'»c{/,/f o f such a

ci :
@, @-">)(; ): (( ,e;">)
(< i Cx # dc.r{ah cs Zhe (/)Ye-) CQynlou‘fa{«hh,oﬁ

1 : i 2
[ oo 0 olla {#,e"> Q ’f[(%z» w&!ft-’ Z2ba? carn be applicd

.SDZV: vovmal equations:

o | Yatlz 6 || e
<=> o'z ) Y2 0|lca|= & o(zfc(,{(J Zo a (.;ué.rrt‘ af a]2$ .Sr]nn.-/.
o 2 1 o || ca

n e
| 6 0o o ’_ C_n;_ <#lef>’ [ his frfhco'/::/( (s e)(/pla,'p,,a{ Via ah exab‘-/a/e

FC._ 1 © 0 o o] (#)e::} sholwn ou £Lhis auwdl L e wrr{/iﬂ;_‘. (/e-(z{').

= 032°%": 6

CaRTIN 0%, o > A S-pixel-based le»./, ladailigs an/(,-
cy 0 Y32 o : HEnipl 5 3 i
Cf _o o o o '_ <“Fley> O n e CUW/) ’4{'85 :fJ e[;en th""tf a;,/{ NMorma =

MASS FUNcTiloN #'—'{m,,lhz,mj’ - [:Z(o(-é‘l+ 'hb’i oy-l)qu onal = e.’?ew -
”’“'ms ‘F“"“{-:b"":l Z(Vlrva{:h; zbc AQJ:‘J !e‘?].f

¢ Ti=h e




36"”#{ HﬂWJn»h -4 -

10/27)2021

Si'Ya‘f'oV(vh

- 03;5'67’ AND MATERIAL FICENFUNCTIONS — Cond’d.

" »
'_/_af/ac:an eéjg_»_v/“w tion st A 5-“,3")(:[ ma sy {umc‘f’«'oh .ﬁf)'

=( il ¢
ﬁ Sl By, Dpp Mg, Weep j de e d ) [ dni £

(# e"> -(’n:”mz'z’n3+hl,+”'5-)/2v3 Le ex/= ah'{ep( ‘b {l)( Z.lem/o ZA(-:'J

<f@z {"hc,"'bn_;-) /Vz 5
(‘E €3> = (=wm, +may ) J V2 efgth éa.{[: {@‘- }. 77944;) O ¢
(f,e2> (-wm,tmwa ) / VT

<ﬂ:eﬂ'>, (bv,'*mz"Z“-g"'”":"h_,-)/ZVZ- P st C‘olm'ph%c -él)-r C‘uf-f-(’c'clrutzj

—_-—> ) ,{f

el )J expansion i ;6’_ }
< my 4 = gt t s -,? = i— e: . 7 be NORMAL
Caz ~-m, = m, -y + 3ms \VZ EEEEE——
c3 [=| ~m, = m, +3pm, =g | T FlRUATIoNS | delinle Ehe limear
C,_’ -m.+3m1_ -my - M4
Cs W, + my F 2yt py g

_SJ.H‘::». o-F eyua%lau b must

= solve 40 obitaiv the cp-velues,
bo1=2 1 | nwh

-1 =10 - 3 w2
wli=l O 3 =1 w3
-1 30-1-1 ™y
240 m

(G!'hfra“}’ such a SJs-(cm will

bovy |a Alock-o(ierjowa( _(-/-ruc'l'avcl

oy Cownl L, | dlrgn .:fo*”hata/( Zo such
T
; {Tfsrl s G‘;Vth #'&' (m.,W!‘W3)WAIIW‘r})

=3 .(-!vuc{m/fl Pr,-n.:-h‘z».; e Letent
‘7{&%5””‘4"‘4% wlnél.n #[J

57:zz¢m I atvix v vn_r:'o»!) /lz

C‘ovru{l} exlaq»,.(el ‘h (_'_( /DoJ.{:'LZC Z‘o sct l(/o z‘/ai.( Proé/rn—,

basis {@;flvlru usivg S/%éo({callj — witb Zbe 3.:5.( ot

f}z” coc-f.f.'crwf Veetov ?eht)’d‘['[h} pe 57%501& eallild fais
-

@': (c“c,l c3,(‘”C5r)

£1741L ot can ev:;.'tzua?l/ wUee —For

5 » .
h Z,_‘:, G - Of/r.'YCa'éL /M/VE@IATEI COW/J"'IL“{“’“‘
,//V-DE(:,P/ CL@IF e,

of Cr-valuer for given speeitic
yeelde £ % plzkdl] deon vallded Wk lid. )5
=> 7_:,‘,,“4‘.»2 # fnl A Such a symabolic solution iy devived
S‘PZXcl-Lquo( bas:s in Zhe ean/:/e; Zhe solutco. és the
of €igenfunctions @  MASK|FILTER MASK| FILTER
Caw be oone via a MASK. MATRIX MASK sbowns here.




-Z)e-r'no( #amal«/h -715 - 10/28 /202
Sé"raféva‘n

B O3Z JECT| AND MATERIAL FICENFUNCT IO0NS — Con?' o,
"

Z_quZa:ch'», eri»fuhctlc’oh:: /11 2\7) (fzxel) aby[ 3.D (VoXcl)

i'maJe f”‘
ce.r.r:‘»}' ﬁZIIf'S/f[/}cr masks are of*e*l

my
(e |

’chveJan'eo( $J/ alt,o:e{;wJ 2//7e .s,oec.'fic
/

"3

8 e 1

I

*I5

ccal ’ch.ZOL. ,‘Lleu.g/«tlc 210 wheel 2 e are

g q/;/,ZZro( =~ and Z;’;z’:’h].zarr specifie
sz.:l (l/akelJ weights Obe anudd (e
CZ i T i serEpegny

b |a Z[A,c.r Cou-.é[),a'lo'oa 0-/’ Zbe ve-
e—re———

;Feu.‘{\/e P:x:l {VoxeL) Velaes Ze obtaih

{Le 7uqk¥"4 6Le dvp,u.f?l Coh-/)u'}cj-‘/ln.‘.f

.7“‘”'{‘. JJ ol L{J‘MﬁZ(J Cormp uzed Lor aud
<3

o aSsocicted wedh {4\'“(':;.22,, o-tf z‘lle
10 3J'E 7]
| 4 fe'hv/;2a£e_ T/,t (Wc;JIvllea() ‘_)ihegv
i Co M A[ma'é[ou; of J[v(.. Mmaltl yalueg
M., c':l...--ﬂ;avc Provic[fo( B (/c-,cé)/
C
4 i
' zéc com,l,u%e Zlée Coe-le—ﬂ,’rn,{-s C“- sf a
3 O - ._Vg ‘ 5 n
4 [—Pixtl‘éa.}ro( ex/pqp,.r[oly #:E;m CoE;.
-1
P"’e‘("'.’hv/’k't’[%j.zzéc uiJlrz‘_r 7[;;' Swch
2;»,,,,,,, co’)uéis.a-[;oh_r ét(‘*me.: V(? ;,.,/Jor-
C
=
/ o Zand whes u;;-»J Lolesl? /o«’Xcl‘/Voxe[-
(2.
/ 2 f % 'heé;/:éorlrooé(.! C>»._;,'J-{:»J G“P Igavae(r)
! Muwm boys t 075 P;XCZ;/ voxels, \:/)eno‘l_(h:f

Co‘*n?nohl used ole t'czzz'oh Zhe namber 076 t-'XelJI Voxels é /V
of —Pil'}tr 7(¢'th0{'~f‘qu))"¢-’k: —/o 7 8

Valwerlshows i Z4e f-péxct LYl manber wheuiddl ble Jujf-f"h'vvf{} Zn*‘;c
Zewplate define 'weishts" i
Cue Prus? o/;/:IJ fo con.puz'e a e;,ahj 1, ZLD <a z_lurc {Ac 4 /214' —.r‘ca/t ’)142114"5

J'fec,,'-ﬁ_’c C; = Vva luej e.g.}

-gﬁ a fau:{:’ohﬁzllvaz[ must ée C[QJ;"-{ito(.

G, = g(m, et L n,,+n.5.)'




