m' LABORATORIO DI WSE@NE ARTEFE@EALE
Tel. 0382/391372 Telefax 0382/412881

Tecniche e Sftmmenftﬁ per I'Elaborazione di Immagimni
ed il Riconoscimento di Forme

Parte II: Livello Alto e Strumenti Disponibili

6. ‘ 22 Novembre 1989
c/o SPERONI Spa, Spessa Po

V. Cantoni:

Riconoscimento di Forme:
Accoppiamento diretto ed
Approccio Statistico.

Dﬂpaftﬂmento di Informatica e Sisf.ﬂmﬁsuca. UmVersita degli Sfcudbl di Pavia






u_

" SHaAPE I8 A?ééééé??‘-ma# CUARACTEL.IES AN

eBNEBeT . TNTERICR W EPATAL SEVIT " |
IT 18 AW mvoamﬂ'r -"Paovenv\' 'ma'r ?um-rs 'ro;:s-rmqour
~ ON¥ ORIECT TROW .Auc-ruez oN '\'HE BALLS OF% -rﬂe

‘::oq,u_. WITHOUT REGARD To $12€ | POLATION AND  ORIENTA
TN ., | -

L

o Y
DEPENDING ON THE PARTICULAR APPLICATION THE RECOGN!
TN  OF THE SHAPE MAY BE DEIIRED W\TH oR WiTHOUT
R4 ARD Yo : ' |

- "‘ N e fone ax e T
7200 Watll A7 S & S

uf‘ N % Z a‘«ﬂm RECOGN ITION

ORIGLT LEWGNITION

[
|
| FI'



- T - ; . I AT - - : A e A

 MEANING OF SHAFT

DEPENDING ON THE APPLICATION A SHAPE DERINITION
MAY TOLLOW DIFPERENT BASES : |

_ e 4 T QP FaiNTS CF Mien MRS o NABEL
OF ARoITRARY (MAPEL | WE AMUME THAT AL
THE  $TT OF Paiafs C: nidllew €AV BT eaobues”
RY Taand uﬁ*\c‘t. Qﬂ"’*\sn .Lu'!: SeaLI NG ‘U..\*
ore. 2 Wawe THT caug “maret TuaT iy
teen. Tevus Tawn G (R an}

APCLIEATON( 1 QECOGNITION OF MEUMANICAL PaeTLl

L ommEsTt  HAVING THT CRaNE LHARR!  Palo NS
TR LamT IETLATIA ATIRACCTE! oL

e~ ™ Al Patmpe T N e

APELILATION | BROMOIOHE CLALNEICATION S | &7



THE RECOGHITION TROCE SS

. ORIECT RECOLGHITION 1§ A PROCENS THAT CLASNTIES A
PART OR A FEATURE AS BIFFERENTFROM THE OTHERS

\N A SET.

HOST MDOYTRIAL ToYES |NVOLUING RECOGNITION | PRESENT
TALTS W AN \Y‘\A‘F\XTU@ED 6‘\'1’&‘!'5, RUT oFTeEW ALWOWS
TUE APPEARANCE OF OBJECTS OR TEATUREI To BE

RIGWLY CONTROLLED THROJIGH €TRUCTTWED L\GHTING .

o

THE STEPS ©OF 4 QECOGNITICN PRoCRSS
8 eTecmon o (ves/ wo)
W LocATon | 7 (X. ) Yc)k_

B oaEnTaTIoN | ()



!
|
|

UA
bo
I
‘T"}i

< ! R SN S v, -8 @ . A - e R . -® —4
- Yol - iozu o o N o T EEENPS B o hrl . Y e e w et "~Q‘~/ul““3a§"“

B —THE o'axecxx u«mee .Sc.e,kmuv HAVE A SHAaLL
NuHeeR OF STAQLE mvrej

M THE ORTIECT ULNBEC SCRUTINY CAN € onyTRelLLED
BoTH I POSITION AND APPEARANCE

ATT AL THICENETS CGasgING , FERTVR &
TRE2 ENCE MY L{?, ) €TC ..

B THE O3=€CT ONDER §C2T INY \S UNCONTROLLARLE
N EITHER PoilTion O APPERRANCE, BUT NOT
S (Mo LTANTOUSLY
oBTCLT LOCITON, FOR QOROST quiBanicf
cReT QELCENITIon 4ND forTing ,TC

® POOBLETMS MVOLVE  §IMULTANEOUSLY PouTien
- AND APPEARANCE  ONCERTRINT (ES

LHALULTER RERD ING , INTREQRATC GecuT
%wnoqu ETC P

1 K. WC"\

WMM



R, X BT S e o et e e LT ~ ST AT SRASERT G Gk T T R o
PR Beabal R - P e 2R
- it e

- ~ - P -~ d " e:
CRITLT RESLTUTW M Fa L D0 LT PERSETITVWE WIS

HUMAN BEIAS WAUE THE CAPACTY T3 IRENTITY AND
RE LN AT COMPLEY THREE - 2NV AL oRYEETS TRl
SIN4LY  PHSTOG o |

-~ WE POUE A REMARKADLE QBIMETRIC REAJONING
PovER  THAT ALoWS Of To INFER THE INVEASE |
OF THREE DIMENSIONAL  PROIFCTIONS "

= WNET WeRk WITH CEeTAIN EXPECTAMONS AAOUT
THE  JCENE 4AND WE HAVE A Q4TARBALG OF Polyie:
OBJECTI #@ON WHICH WE cHoof¢ THE MOIT-
CUYELY  cANDIBATE |



SHAPE

7| RTPRESENTA

SHAPE

P KRELOMITIONM

>

TioH

T

-

¢

m———— . —

=

dECISION

CLASIIEICAT!

MHARING
= !

\

-

& =
-y 3

_"/

"m,

I DRSLRIPTIOM™



B S T i P DAL ST DS R g 7 TR SRR AML T e T

. ,..:‘3.,.-5_:‘3_‘3,,_&5”_,.,:_,.‘,.:_:.,.,,,-_. . - —

R ST
SRED -7

SRATE RELCOGMNITICN Ary L ALAES

APEQREA M

TEM PLATE
MATCHING

A\ELiStoN

B

SYNTACTIC
STACCTURAL

| HYBD

THEOREIT\C |

. SHaPE
REPQBIENTATION

SESHEMT
(RAW DfTA)

FEATURE VECTOR

STeing
TREE
feaAPH

TABLE

HIXED 1IN VARIOLY

DLLiSleN
HaRIN &

DMRECT
~ HATGHING

DISCRIMINANT FUNCTIC
HINIMUM DISTANCE.

HAXIMUH LIKEHOON
MINIMOM BAYES RISK

PARSING
GRAPH MATCLHIN G

ERROR CORRESTING

| em g emm

STRTISTICAL

wWaY



DR LA

L e e WSS o2 : . . memTgTay -§:-:'.' R

Ere TR

TEIRFLATT MATLHIC AR Se v e ?Qf‘:‘i.m:mi‘{ agwwzs;.;x?;

oA SET OF -reu?c..a‘res oR ?Ga‘m‘\'YPe'.S ,ONE For GAC.H |
LAy, \s S‘roO.etb \N THE MACHINE.  THE INPUT SEGMEY
WITH UNKNOWM ELASSIFICATION IS HATCHED oR coupgger
WiTH  THE TENMPLATE OF EACH CLASS AND THE cv.aumcﬁ
“TioN 8 BALED ON A PREITLECTED MATLHING calTER\Or
oe gimwaniTe Heawer  (F. &, coneeaTion)

- USLALLY Fe@ SEMPLICITY OF THE MACHINE INPUT .szq&é
ANE TEHFLATES AQE€ JESPRLEIENTED IN THEIR RAW-DAT

<« THE DSATVANTAGE OF THIE APPROACH \$ ‘\'HAT‘ \'r (S
seﬂz‘rmé b\*z‘-\cu;r Te SELECT A 4oed TEMPLATE Fol
EALH C-aM Awa To BDERINE AN RAPPROPRIATE HATC.\-\\NC,
CRUITTRIGN . THIS JITFLCLLTY 1§ EIPECIALLY REMAQKA]
WHEN LAR4E W\ma'no:ug ANQ DISTORTIONS ARE
BYPELTTY N THE GQSEGMENT UNDBER STLaY.

FLEN 3T TEMPLATE HATCHING OR “PURBER HAfk®

TECAN: §UBY  HAS RED Pe.o.-ose.b) I |



TRY O R=arUandNG, FoaoL

- e ema. o —

WE NISH To rECO4NIRLE COMPLETE, ISOLATER ) RIGID SHAPE
',"‘.'”"E PLA#E., XNOWN To BE INITANCES OF A IMéLL
S$ET o® PO TOTYPE (om -rmm.ars) SHARES | BeT PERTORRE
BY LOCATIGN NOISE AND AQBITRARILY TRANSLATED RETATE:
AND  LeRLED |

WE eAU  eousER A FEATURE TATRACTOR MIE-BING SHAPE
hESQG-iF'f\CNS [N THE TORM OF SETS PR PEINT: IN THE PLANG,
EACH POINT REPRESENTING THE ESTIMATIC LECATION oF A
$€M'\SQ€ OF THE JIHAPE

WE ALSe REQULRE THAT THE FTENTCRE EXTRAcTed Dogs MNeof
o\ T qeei; FEATORE POINTS OR INVENT STORIOVS oNGES

(,‘\’ue' PacToTVeE Mub INGTANCE PEINT SET HALE THE SAME
mamuwj

THE MATCHING PROBLEN X!
| - QO
qlyen A RPRIR OF POINT SETS [ITan2 '-?
FIND  TOTHL RATCHING M AND eesisraatien R

TR T TEV, S T T.T Y N



T T R T T e B T TR T

A TEMETANCR | ~D"'u.,.'\‘1u cirri. SORPACRLING

Twe HAT NG M 18 A ONE TO ONE MAPPING FROHW

P Q (,mec.ﬂos)

.TME RE4ISTRATION Q s A ONE To ONE NAPqu oo
THE PLANE ONTo ITSEWF QDN&\S‘\'!NQ OF Av COMPOSI{TION

0F TRAN(LATION = RoTATioN | &N pomTive ((wen aee o
B X9 ¥ | N | Rul
SeME ‘

w5

| L XX M :u.-\ r [M]
ﬁ(.P) XA % S\@.\y(, = A, l‘h"'

"

-THE Eeeor. © oF a waTomiNg M ANS & aEqsTRATIOWN
R FOR TeluT SE‘rsF AND Q AN BE bEFINED WA
CEwaMPLE AL THE (UM OF S§UARGES OF LceaTion EaesRs
BETWERN HATIHED émes OF PoinTg Faam T awd wa'

-5 LCICVRLY ik
nEL '



TR e

-

:’ﬂ\:@. ‘ ;:“’ T:o \.Ittt.f‘

CEN ST VR T&A%LA?'&M
A STaa G,ﬁ'\"FaO.v“\G.b AND qeNEQAL HETHOD cacuumw

NZd —awsmﬂeu € To “Marcu“ 'r-ue CENTROD ”-. =

| "

‘_!_“' .—'
?%.Z B A

!

m;;a/

fu

EaN. T LNIT 4CALE ‘; o -

- N HANY CALE1 SCALE If N STANT o ¥ JAQ(ABLE’ (J 9N 85

BOUNDED FixiING ?on. zxaHPLE THE wax H»M DISTANC
oF "~ ORJ€CTs 'FG.OH THE camERd . IN ANy cale AN
SxTIHATION c—w 3% TR VR -

) T -7
{i; s, -5

NI AINVT QT aTIeA

T AGEMS 0T STRAGHTFORWARD |N SEVeRAL eaven F
AND T o BERWVE  INTZINSIC GoNSTRAINTS oN ROTHTION)

HoWTYER THT FEATORE @XTRACTOR MAY Paou: DE Foﬂ.
JOME OR ALL TTATLRE ‘Paw‘rs AN E-tﬂum o:cum

Ol ANALE AND WORSIT-CARLC Bcu«inf_ oF THlSI'S‘I'!HM'F



PR Eo - R C UL SRS SR b 2 |

TR L IO AR ReA

RN P

A i ' X EY
(\) ' .. PENT S %' SO .\O\ :
| M, o | st Ader — Cn | G
—_— - -2 EXTHAL. e SO __?
A * . S B 14 £
4\ - 4 \% A' ) .
AR (O | ; x". . \‘R‘ )
: — g DA BICNE S
:’.‘(" . ,o‘oo‘c"::?‘. T
’ Af\t').l,‘ :‘\!o:‘
AMe L% =AURE - i
c | oo _ L&'AQ.\)W(\
m.. Tos SBECTION .

AN APPROACH \$ TO ELTABUCH N beus\.oﬂ :ouc:nong
e N s 22

d (9, d (=) .o d (x] with TeE weoPERTT THAT
\'® A PATE2M X Bchm,s'reTHE CLALS. hb THAN ¢

4, (.“) 2 A;}U) )

wWHE g 18

‘h;." 2,

-ri-

Ve gy e
4 .

THE NUWMBER o= cLalsel.

THE DEUNCN THESR=ETIC DEALY WATH ALQOQTHH‘S' Foal
z&-rmwnvds THE Pﬁuwm.& SF THE buwuwaw

TONT IQN_S
YaoceAs

t‘ “(\3 % P‘KFS’.‘&NS

IN A TRZeINING



AZOOM ST WewWTRTE Fal L T LT Al 51

(74}

THE CONVENTIONAL DEFINITION OF THE TNO-DIMENSIONAL
 MOMENT OF cRbER (.?-»q) oF A FUNCTION {»(},q) g

U= | LT T ) dox o

-
.

-— -

| I Fg= e |
THE DOUBLE HMOMENT §EGUEVLT (HHQ 1S UNI§uaL
‘BETEQHIN‘@ [} 4 %L ) AND coNvVEeRl€ _y "(." ) |g .
UNL JUELY bB’l’EﬁHtMW 8Y i“ﬁ‘ '
[E  CHa2aeTi21ene FuMeTIoN hay RE euramm; 3%
.1 K .
gtu.w_)gzzLu.) i) M)
YR ;0
Pee sgo ] P
A TRUNCATED (ET OF HMOHENTY HAY OFFER A MoReE
ConN VENIENT AnND ECONOHWLICAL REPREICNTATION OF
aHE  EMENTIAL SHAPE  QMARACTERISTICE OF AN IMAGS
SEGHENT THAN A PIXEL BALED REPRESENTATION

_ OPERATIONS ful+ AS n.c-ra'ﬂeu TRANSLATION AND
S $eaLE  cuAari,; T HAY 8 WORE en.m.v ACHIEES N THT
HOMENT DEMaiN THaN THE oq,;c.,wm PIXEL DomMAin)



;Hg“csxc CF COMVUENTIONAL HOMS
TRANCED TEME

| ScalT  Caanet A

o IT i ks

| H' | .‘L+‘=+qH

- -» P 9 P (‘qx ?""‘kﬁ P v
| H'ffg:o fc(n) )% e
‘wm’: > T T 94.\5»“9:) (\jmg-me‘) H}r,‘g\ d.uc\ﬁ
A T ) -

oo =_£



o 0OMPLETE MOMTNT  SET

o  IMALE ANALIQS PURRCI AN IMAGE SEQHENT 1S
REPEELENTED BY @& TRUNCATED &ET' OF WOMENTS.

A OOWPLETE  WOWENT SET (.Cs-‘.*. 0% oebEa h 1S BEFL
K& To BT A \ET or ALL \-wH€N‘r; OF OQRDER W AND

oWt

07 RATWNIL  WHIEH e,on.zes?oub To TRANILATION am'A‘no:J
AND SCALE  CHANGE ARE Q0 WITH RESPECT To cw

of $lxy)

CH) or oRaER e




A s B cn . o1 eatdaen g e T

i e

STRANDRCD Wow =N, <ET

SEALE NORMALIRATION Hm BE ACHIEVED BY mrmc, "‘\oo“‘ »j

| (m BIWARY (MAGE uwnxmu-ro STANDARMIAING THE AQZA oF
MA4Z (EMENT To () ~

MU

TQANSLAT\O'J NORMALI2ATION IS u:oo.u.v ACHIEVED BY 'raau/.su
TING THE oai4iN To THE ceufea oF a,eavm OF THE mac\t

U U A U , ¥)
THE  fEnTLAL MOMENT -
| | T Me

|
~

9 P-ﬁb -,,\". .
/‘ T Z (F) ’, (ﬂ) (,‘-ﬂ ('q\‘ﬁ Ht\
s‘-: too hec "’b, ‘t\- . S

THE PQNQPAL AXISC MOHWENT] ARE ORBTAINTD BY RoTATING TWE
AXIS OF THT CeENTRAL MHWTS \N'rn. }L W 28D o

b 09, by ’
T YO



TN R g2 R e T e L - e

R R e ) —
¢ - - ~ - B - . c L )
S ENT s Dby Aante et

AL A TXAMPLE THE VWOWENTS OF 4 TROJEXON ONTo

THE YASoh '?a.wc,xvt\t. hXLS (_L. s‘H?eB %Q STANBGE‘D
mue'srrs) HAY 7DBE USED TO CoWPRes AN \MA4T wvm

SoME TFuUDAMENTAL ORIECT IHATES,

WEASOREL THAT AQE ADEQ\:A‘\"E ‘ro besc.mas' THE™
SHAPE TYOE TooM  WoHOGETE NOMENT! oF S(WPLE
RLE - Wl IMAgE $ELNTaTy ARE THE FhuleWINg ;

) S ';’; ’ ,. e
. . l’-th’ z.

. e

N - " B
CIEREC VIOEEE "I

. \'l/
oy - W =
. - “, Q*‘
L
Ll
| v F i
‘ ~ E = oy
"' * « )



STRADARD HOMENT <87




-
LIR s o™ . y
TARALLEL MW ST COMro A
B O gy

qu .sz? 1 ﬂ.“\“&)

X! ‘1"

SIHD A InE ; ONLY OnNg CONTROL ONAT  AND
.&vu. Py ?szso"eu THE SAME  OPERITICN
on DIFFLRENT TATH |

4AINTLHTION - Secatct€ - TeawstaToN ,-Ae.ﬁ‘r-‘rlcu‘

o T s =



3l
)

SkEWNESS = M3 /M, .
e’
cRoMs = Hue/lH, ) -3

- o . : S
SYHMET=C. — R \ﬁT_/ '
bww E " T e | ' ‘ﬁ—-— " > o '
4 &“qu , () Rectaﬁg!e . e P (b) Ellipse

N
by :
\. - : ’ -
, / \ . .
) / g -
T— > (d) Concave B

“(¢) Diamond

Y o $ |
PROIELTIZN § B 1 - /\_, =
(b) Ellffpee |

MoveTHe  OMia2

\<=‘_)-

s AXNS




R L T T
e T . ez S

B Rt S

PRANCAS AL AXIS S00L SUT.ONS AV ST 'BARD MOMENTS

| /
\ /
\ "ﬂf::::"‘——-? —————— T

STANDARD MOMENT SET

‘v T o M, M, M,
- | 02 o3 Moae
\ | .
o L‘.“r - = -
.;.\\__l (o) '\O Mlz Mw_
| | f :
: Mo i M, M,
:Mao :'Map B )
|
Im_ |
I %9, i



WHERE V= 1wt ub » 9- a i) 'hf N‘-’h",n& ‘an

OQ‘Q‘-M. We 4' Ve
-;';%&‘i ‘9’3
- Jze

Wneee. (o] ou Cruylx mk“” |
RQoTaTionAL MOWMENTS ARE OF INTERGIT AL QoTATon
TRAN $F2RHATIONS (9) Tor THEG WOHENTS ARE vEey
S\MPLY SPECIFIED AS FAQ Ag & awt.t-:cmcn/ ABOUT AN
hemiTzaRY Axs (@) WiTH REPECT To THT Y AMS

! | ' \ « o ] e N
Te ™ %;(ﬂ«ie‘)‘c“e _. ﬁ;up(,-wecg):

UNTFoRTUNATE LY ‘\‘zwi\.aﬂods ARE HMUCH MORE MIFFICULT WIT
AOTATIONAL MOMENTS THAN CONVENTIONAL MOMENTS



e e

CATSeMATIVE MOMINT wEELTISMTATION

~ CRTHO-SNAL rLcw-Le‘N |

TWO EXAMPLEL : Legt-:ﬂus MOMENTS BAED oN c,o«wanmc
NAL MOMENTS AND 2ATeNIKE MOHENTL BAIED on gg-m-n
NaL VLOMENS |

LEGENDAE \mnm'rx‘

QQTHOLAN AL wouem-x WAy as hGﬂNEb umsq qumbae |

POLINOWIAL BAUs Funcmions T (x) p.amtea \'\-\w Con EnTior
ONOML 4L | e .

“ L q = (_9-?*4');934-4)

J j ) %\(‘3’ ’r(‘é'_".)‘**df

NHE'QE szume Pou mmm AeE OLTHOAONRL ovee THE
Rangz _4 -\-4

.'ﬁ(f)?(’x) i m g

2 iu+.ww n
u\me S \$ THE keouecxag DELTA.

(’-cw (1%) 2 2 QP e?‘ H"S Am; BUE To THE

JL=o As 3 . on.‘rﬂot,ouguw

R R R AT A

rec Aze A 4. ’.';f.-/z},a

THE NUMRERZ RANGE AND THE TRECIS(on) NEEDED 18 MOCH



‘ ~ i ERCR s S o ; . » S - S -
' L SCALED MOM iRy . THITION fcrpeer 6-F)

e L - E R §T e
-—
e _ _ Srmtn AP BN Ay S YL e
-
i




LELENDRE  TOLINCWLALL OF ootfR O-T




B ¢ T ST AR RO R T T TV S T T R e e T Y et
- . e P R ] H ""fé

€6GV PR ST YR\ F

WOHENTS WAY 3C COUPLTED '?OQ'\"HE' 4o8y LEVEL uwes
OF TuE mu.!.' At wsu. AS TT§ 8&05‘5"’

ST

THE h\sfﬂzi{;ﬂow OF ¢REY LEVELS WAY ConTRIN TG, I
\WEe2RATICY FOR CLALRMEVAG T MENT |
THE MEMTWTS QE WLT ING TROW THE ABB(TICN ©F &
plas OF % OF THE L2av LEvaLS Avdb Y A s,caz.r.-

f-’mof; lS AQE !
| =

,! L " %,
LU _Z ! ,‘\ 1 H . : uwooL E“ ke
Pe» ¢ - . gy, T B o LN A

CTAMMAGD 4227 LEVEL WOMENT] HAVING THE (NFoHamoes
PTPRE SENTED IN 4 NOCHAUI2ED ToiM AQn oz'mmen%‘ec
THE D(L\aiwaL. ONE CaNUDPELING

V"*. N

'! ..q : 1.. ‘ ’“ ;.‘
> o

. Hg_f Teon

THT ForaL GRS JaLoEs Aas Tuay
B 14 =20 {?\gq 29%‘ a‘Mﬁ-&'s’:]{

Moo = 4 l@mw amnw-f’\



