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] OB]ECT AND MATERIAL EIGENTUNCTIONS = Coni'd.

‘LQPZac[Q'nec’ e'h'FuthLionJ The Co%.f{'ruczled hie'ra'rcky o-ﬁ
—Z-nol Mmeural ﬂ—t_e—Z'Wo‘rkS:..- s s e TR 0
?oz'hé (Sué).:ezLJ ancl z‘ée Ppro-

Po:ec[ 6[71a'r; tree cdata struc-

fuve f,ow t4se fre}vp're.:e»»iq{:u,
of Zhe f)oc‘wf (sul) sets at
im c're(;.fc"nj{} smallev scales
Can a/i'recH} be used for £he over-
a'Yclu"n} ioaz of classificatior.
Xa The lefd figure shows Zhree possille
L’X, cases of a ('hew) f’Oc""{‘ ’K(.) Z4at
must be classified, Tée_;ao(_’fnz‘ set 11234563
mus? be umdevidood as a set of “samples” that
all are kmnown £o ée/ou; to Zhe same class. Siwce
these .s'ac»,}:/e polm?s ave embedded tmn D-olimensi-
onal (X”,,,’ Xyp) - space, fO}GZ‘/)ev with 4he geo-
metrical Aowwe[c"n} box lzr.'c’*ra*rc/)y/é’fee) ome

cam Use 3, 3,, 31',,_ z‘o /'De-rzear'm zm'z‘aal C/a.r.rz'-

-Ff:cqzééom deciszons. We consceder ?o.r:c‘lle cases:

£) X outsideB 2 x does met belong Fo class.
i) W imszode B AND ()K outside B, AND X cutside B,)
= w does mot éelonj_io class.
fitl X inside B AND ()Xéhszo/e B, OR x inscde B,)
2 X potentially be[on}i Zo class,
I Co-ncerm’nj case lii), i‘/ce('new)?o?.ué W must be Tepre-

Sented in mormalizecd Ur-space coordipates to comptate
a Proéaéilify_\nzlue Fa'r X's Pofe,,zﬂ'a[ cins:‘memléerﬂuﬁp.

r.
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WOBJECT AND MATERIAL ZIGENFUNCTIONS = Cond'd,

.LQPZQCLG‘h &jenfu'ncz‘cons ‘/Voz‘e CO'nSLa/E'ri'ny f/;e /Doth{—

and neural networks:..

' o tppag
IA i‘o norma—-

lized space

(sub)set {1,2,3}% ) fov example, we
Mmust [’ee,o 2 mimd Zhat Xwo mi-

Nima l Aoumdi'nj boxes ave assa-
clated weth Zhes point /sué]sez‘,
i.e.lﬁ, and b,) as shows inthe
Ze-Ff -Fc’?am’e. The lavjev on}f?_')
(s Zhe mimimal bounding box for
the Zhyee 2-balls Ae(m,?;‘n? o
the fZhvee Pozmz‘: (ot cncluded
cn the F;;uve), The smaller box,
ﬁ) ls Zhe minimal Aou«c/&n? box
£or Zhe Zhree /ooz-nz‘.r. These Zwo
boxes serve Zwo ;:u'r/nose:‘gox
3, is used fov Zhe caleculation
o-F ZLe " :!cjéffhe.r.r 4 measure T
for £he pocst {.fué)-fEf} box b,

Cs use 0(_750‘* %a/’_b/oc"h?‘_ z‘/ve Po"'hLL (-"‘lé) se# (afnc( a

n e w ?az'né £o ée cZa.r.n‘f?ieo(.l) z‘o ’no-rf»‘a[,:zed Ul —

_S_/oace such that azlpoi’h£$ imscde o on 2be boun —

O[a*v? O-F b are ma/JlDec{ zéo zf/:e Lﬁfer:.ov 8 r Aou'n-—
a’a?} of #£hbe /)7/097— cehe U-1, IJ "'Osfw‘nuhjéeve

fkal‘ 2‘/)8 £o ée‘cla:n-FceC( /oo:.'nz_L is c'h:ca/e ar o‘hz.“e
Aol{'rzdary O-{J A, as Wézz. TAG_PQ’YQ')MQZLGTJ "For iée Nor -
Malz-zé'n? ma;_:pi'nj__ to wi-space aTe Shown in z“e’lfopiigtgg,
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Y 03]367‘ AND MATERIAL ZFIGENFUNCTIONS = Cont'd,

®Laoplacian ei en{’umiwnf The relevant ?m—afmez‘er.r anol
Q'nd neural » *Wo*kS

‘pava%efev values -Fov Zhe _;79..

ecfic peint (sub) set shown inm Zhe _z:‘o;g_f:a;_u_g on

f/te_f'rew,au.r/'oq are the -Po[/ow['nc? :

~ 3 pocmts (1,2,3): (0,0)7, (1,0)7, (0, 1)7,

—~ 2 novmalized eigenvectors {1 eigem= oliw ocZions)
@ and (-3 '/)or tbe ;>0¢'h£ (sué)se-t.‘
€ =24 1-1)" | &y =% (11, 1])7,
(Nete: These eijen vectors ave Zhe resuld
of Subtvacting Zhe mean, (% ') from
Zhe ;Doi'nzé (subl) set and cow;mzlz'»} the €igen-

~values a'no( 6&}@7«: vectors ﬁr 2_49 coVariance ’maz/‘n‘x.)

/4 /]
— ?- %i'hc'maz—ay,_‘e—hzteo[—éox /a/a"»,ve'k.rc'oh Va/uesl

q-lzvi./z ) T2 =V5‘/4 L

=~ The local ovig i @ ,li8. C@'hzl‘er/avevaje
of £be covmen poimts of #he fouhzl (sud) set’s
mimimal orientedd éom«d’m?, box b, ©= ('/4 '/ff}
( Note: 17 ;s (mporiant Zo keep in minel Zbat
2his box b, center @© O :s NOT Zhe mean of
Zhe points of Zhe given point (sub)set.)
As described ée-ﬁoye) Zhe parameters 3,8, S T
define fhe needed limear transformation of
?o‘l'nz_L.r From Y- space Zo U=space frefve.rmnéazlz:Oh:

Uy = ((X()@d)’<-6)ed>)! G }
where X = (X:)-~-)XD )TI le:(u,,,“)a_n)r angd od=1...D.
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. OS]ECT AND MATERIAL EIGENFUNCTIONS = Cont'd.

® %zfja:izrcf%g“iu:;iszs When Q}’f17‘:°'} 2his linear Zrans-
-Fo'r%aiio'n Zo Z‘Ae;/ooi*hz‘.s /2
and 3, one obtains Zheir Ul-space 're/we.rem‘az‘:om.
The Zhree resu]z‘zm} ?oc'hz‘.r are callecd I', 2and 3°
im Lhe f:;u're on the previous page, and Zheir
Coav ol inate Zuples are 1°=(0,-1)7, 2°=(1,1)7
ani/ 3’ -‘-("l, I T A eliscussed , a 34‘1!94; fo:."nf
X (o )X-.r/oqce representation s *malg/oea/ fo s

Ut = .s‘/oace frelp're.:ewz"afio'h (u,,..., ug)rl éa.regl On z‘ée

S/)QC[]FZC linear tvansforvmation for the point (sud)set
{1,2,33,' mext, a)ovoéaéz/:z‘/v value for class member-
s/u'f Lle Cow/ballec( fov the z‘o-ée-c[a.rn'-f’;ec(/oo:wz‘.

The u —Zuple of the fo=le-classified point defer-
min es z‘lye_;nroéaAJ/"z‘?_ I r ]/u:l]2=u,2‘+...*u_,,2<$,

fl»en a_/ofrméaé[/[zl Va/ue-g'rea{e'r {Aa'n zero will

be a;:z;ueal; zf’//u://z?.fj)) thesw zervo wll be
Qs.:c'?'nec/ zfo z‘ée /’Doé'th (ERNTES /(eelp['nj Coe minol zféasz%‘s

LZLra :Froéaézlz‘-{/ QJ-fc'j’h’Me'th VAR 5 0112)/ 'relar.‘c‘ve £o
I z{-/:e_?oihi' (sub) set {1,2, 3}" oF Course, one must

consider all othenr /fpoc"hl— (sublsets and 2hecr
. T P el LSl

Co»ve.r/oo"holzhj ’Maf}oi'}zi.f/z.{'hea? {va%:-ﬁn%az‘ion:
£o 'ho-wmalézea/ Ul'Sface z‘a o/e'zle'r’m['he féefz'hal

I Value of.lv'roéaé.{/(/'L -ﬁov z.LAe fo‘ée-clasu'fog'eo(
® /’Doc'fnz“: class ‘)ne')née’rs/u'}). T/zefz;u*re on Zhe /a're—-

Vious Paje ‘refer; o Zhe Z‘o‘be"claﬂ'if[ec{ FoZ'nz" a&_&é_‘,
X and w.
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= oz}fcr AND MATERIAL EIGENFUNCTIONS = Contdd.

‘ch?)lqaa'n el Ehfu‘hcztw‘ns We CO'h.S‘c'o/e"r a Si'mple eXczm/ole
Tamd meural hetworks:. e

/ \ /\. for D =21 £o Summarize the
Mmalin cowcepi'.s used for

the comstruction of the

descvibed hierarchical

if/:froqclz 'me 0r9anizing
?)Oo’n{’ .S'Cf .f

Via a

Se:é O-F %c’hc’)‘nQZ orcethea[

; \Aou'hc{c'h} Ayfev 'éoxes

.‘He're’ I2 fo:.‘hzl.f (n—ef)fre-

Send: "9 sam;:le: i

ces ofa Sfece,fm cla:.r)

are ?LVE"& . ?e/oeaftwl

foc’%zt (s’ué):ei(.rj, wnt:l the

X, /;,ie::;:i/ Affﬁi;"ﬁlﬁ;. ":ézjé{w ess " Values T all satis-
-Fy a Zhveshold condition, The

I s B\ (red) boun o(:-n; boxes B,8,,8,,38, 38,

® 'B 3' 3,0 and 3,, are Aeuwc/éw} boxes of Zhe

(.73 Boa Blo 3:: 2"LQ22: assoclated with certaim /mu"h-!

00 Lo‘ ‘)(o L“ 5‘{64"2*5. TAE le-Fi' Fg-gu're QZSD .S/ww.f L‘Ae

Te:uz*«:m% lzae'ra*rcée"cal A[*ka‘rj z‘free

Binary Zree useel
fo "r-ef‘re:p;.-é hce'rarglvy ‘V'PP TS Za l‘io'n. EV en {ua lly, at Zhe [?Qf
F adl éo«‘hc{m:} boxes.

leVe Z the ?Oz'hé subse? Aowno(l'nj/ AOXES'

are «-eforesenz‘eel The ?oc'az.‘ X must be elassified.




