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This paper proposes a technique of matching a 2-Dimage taken of a 3-D

Object with
the model.=tis shown that the perspective transformation

relating animage to the modelcan be approximated by an orthogonalpro-

]eCtion.The formula determining the parameters of the orthogonalpro]eCtion

from the c00rdinates of three corresponding points on the modelandimage

is developed.

l.=ntroduction

The matching technique proposed hereis an extended 3-D version of the

earlY PrOPOSed algorithm for the subpattern matching of2-Dline patterns(l)

The relationalstructuralmatching has often been applied t0 3-D scene

analysis(2)(3),Where geometricaltransformation relating theinput and the

modelis not explicitly utilized sinceitdoesn'trnake sense for the relational

structures.Roberts(5)and Falk(6)calculate,in their scene analysis system

for p01yhedralthe parameters of a geometricaltransforrnation to determine the

location of the objects.But those correspondences of theimage vertexes and

modelvertexes which are necessary to calculate the parameters are determined

by top0loglCalmatching.The geometricaltransformation doesnTt play an

important r01ein the matching process･On the other hand,SOme rnatChing

techniques forintrinsically 2-D pictures such as coastlines or characters

det｡rmine and｡tilize themin themat｡hingpr｡CeSS(l)(4)(7lThe techniq｡e

described here determines and utilizes the parameters of orthogonalpro]eCtion

relating the 2-Dimage and the 3-D model.An exampleis shown on determining

the kind andlocation of the p01yhedron portraiedin theinputimage.
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2･Orthogonalpro〕eCtion Approximation

LetIs consider that a glVenimageis the one taken of the modelby a

Camerain an arbitrary position and orientation･Theimage and the modelis

related bY the perspective transformation･=n this section we show that the

PerSPeCtive transformation can be approximated by an orthogonalpro]eCtionin

Order to make thelater analyticaltreatment easy･

Let O-XyZ and Ol-ⅩlyIzlbe a modelc00rdinate system and a camera co-

Ordinate system respectively･Suppose that theimage plane of the camerais on

the xl-ZIplane and the opticalaxis coincides the y- axis(Fig･l).Then,the

modelc00rdinates of a point p and the camera c00rdinates arein the

relationship
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Wheree･=(eil･ei2･ei3)t(i=l,2･3)denotethedirectionconsinesofx一′yl,

Zlaxes respectively andu=(ul･u2･u3)denotes the
origin of the model

C00rdinate sYStem.

Fig.1A modelof takingimages.
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The c00rdinates of the point pin the camera c00rdinate system(camera

C00rdinates)and the c00rdinates xpT and zpT of theimage point p=On theimage

plane are relatedby the perspective transformation(8)
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Where f denotes the distance between theimage plane and thelens′ and w and wt

are arbitrary constantsintroduced to represent the perspective transformation

in the formoflinear transformation･yplis alwaYS equelt00regardless of

(2).

Combining(l)and(2),the f01lowing relationship between the model

COOrdinates of the point p and the camera c00rdinates of theimage point p=is

obtained.

ell e12 e13 ul

e21 e22 e23 u2

e31 e32 e33 u3

e21/f e22/f e23/f (u2+f)/f

From(3).

Wl=W(e21Ⅹ+e22Y+e23Z+u2+f)/f･

Then,(3)can be represented as
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(3)

ifinequalitY u2>>e2lX+e22Y+e23Z+f h01ds･Fromypl=O and(5)･We Can

Say that the camera c00rdinates of theimage point p=Can be approximated by

multiplying c00rdinates of the point p projected on theimage plane bY f/u2･

3.Parameter Determination
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=n this section,We Willdevelop the formula determining the parameters

Of the orthogonalprojection relating animage and the model･From(5),amOng

the coordinates(xk･yk′Zk)(k=l,2･3)of three points on amodeland the

C00rdinates(Ⅹk′Zk)of theirimage points h01d the equations

Ⅹk=ellIxk+e121yk+e13Izk+ull

Zk=e3l一Ⅹk+e32TYk+e331zk+u3t(k=l･2,3)

(6)

Where e11T=fe11/u2.e12■=fe12/u2一････and s00n･Fromthe property of

direction cosineslthe equations

eillejl,+ei2Tej2■+ei31ej3l fori=]

forl≠ j (7)

(土,j =1,2′ 3)

h01d･Since the number of the equationsin(6)and(7)is equalto that of the

unknown parameters･We Can S0lve them to develop the formula(8)by
which we

Can determine the transformation parameters from the c00rdinates of three

POints on a modeland the camera c00rdinates of theirimage points･

ul=ull/llel'"･u2=f/llelTu･u3=u3./JJe3Iu

el=ell/J.el■"′e3'=e31/ue3tu･e2=e3×el'

u3一=(Azull-Axz)/(Aeul■-Ax)

el･=(Ⅴ-1)t(Ⅹ一ul･即

e3t=(W-1)t(Z-u3-E)･

Where

Zn(8)･ulTis a r00t Of a fourth order equation

Ae3ul-4-4Ae2Axul■3

+ AeAe(Axx-Azz)+5Ax2+Az2 ulr2

-

2AeAx(Axx-Azz)+2A3+2Az2Ax ul
X

(8)
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+Ax2(Axx-Azz)+2AxAzAxz-AeAxx2
′

Ae=EtW-1(W-1)tE･Ax=EtW-1(W-1)tX･Az=EtW-1(W-1)t五

Axx=Ⅹ㌔-1(W-1)tX′ Azz=Z㌔-1佃-1)tz.Axz=Ⅹ㌔-1(Ⅴ-1)tz

W =

Ⅹ1 Ⅹ2 Ⅹ3

yl y2 y3

ZI Z2 Z3

(9)
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Evenif the size of an objectis
different from that of the model,all

parameters are determined correctly except for the distance u2between the

image plane and the orlgln Of the modelc00rdinate system･Therefore′ the

matching technique describedin the next sectionis stillvalid for the

objects
differentin the size from the model･

4.Match土ng

ln this section,a metric measuring T.badness= of a rnatch of a glVenimage

with the modelisintroduced.Theimage point corresponding to each model

pointis determined so as to make the
metricrninimum･The metric must measure

the badness of the match takinginto account of the perspective transformation･

Hereafter,We define a matching metric for p01yhedra as the objects and

describe a matching techr】ique using the metric･

The modelof a poIYhedronis represented by the coordinates(xi･yi,Zi)

(i=1,2,3,‥.,=)of the vertexes and the edges between the vertexes･

Aninputimageis also representedby the coordinates(xj･Zj)(j=112,3,

‥..J)of
the vertexes and the edges

between themif we apply some

preprocessings such as edge detection andline fitting to theirnage･There may

be false vertexes and edgesrin theline drawings thus obtained′Which donIt

correspond to those of the rnodel･

FirstlWe define a metric rneasuring the badness of matches of four pairs

(associations)ai=(i,]i)(i=l,2r3,4)of themodelvertexesiand the

inputvertexes〕i･Given four associations,three of themcanbe used to

determine the parameters of transforrnation frorn the modelto theinput･The

squared error between the c00rdinates expected by mapplng the fourth model

point onto theimage plane according to the parameters and the actual

c00rdinates of the fourth point can be used as a metric reflecting the badness

Of the matches(Fig.2).
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]3

inputimage
model

Fig･2 Actua1location ● and expectedlocation◎

Of fourth po土nt.

Finallyrif we put the vertexes of the modelinto a proper sequence andif we

Calculate the transformation parameters using the first three points of the

SuCCeSSive four points,

a2･‥･･a=)is given as

+ (Z‥
]1

wheree壬i),u王i),…,

a matching metric for工Pairs of associations a=(al･

ー(e壬主)xi･e三三)yi･e三三)zi･u壬i))}2

-(e去主)Ⅹi･e三三)yi･e三三)zi･u去i))}2],(10)

are calculated from the c00rdinates of the i-3,i-2,i-l

th∴mOdelvertexes and the corresponding]i-3,]i-2･]i-1thinput vertexes･

Since(10)can be rewritten in the form of

D(a)2=土塁｡gi(aト3･aト2･aト1′a土)･
(11)

the associations a minimizing(11)can be obtained by the third order dYnamic

programing.

The vertexes of the modelcan be serializedin some arbitrary ways and the

Value of the matching metric can vary with the way,but the combination of the

modelwith serialized elements and D.P.-1ike matching has been shown to be

effectivein both the aspects of cost and reliability.(l)(9)

Eq.(10)has no term related to the edges.The condition that the two

image vertexesrespectively corresponding to two modelvertexes connected by

an edge must also be connected by an edge,is utilizedin the decision process

Of the D.P.matching as a restriction.Therefore′ the more adjacent model

VerteXeSin the sequence are connected by the edges,the more the computational
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COSt may be saved･

5.Example

Exampleis shown on determining the kind andlocation of a p01yhedron by

matching aninputimage with severalmodels of p01yhedra･A cube,a

rectangular parallelepIPedJa regular tetrahedron and a quadrangular pyramid

made of plaster were used as the objects･

A modelof a cubeis shownin Fig･3･This modelconsists of a sequence

of six vertexes among eight vertexes of the cube･=n this experiment･We

represented each modelin terms of the subset of vertexes which always appear

in theimages at a time(except criticalcases)easilY
tO S0lve the problem

of self occlusion.Fig･4shows aninputimage(in
a res0lution of128×128)(a)′

results of edge enhancement(b),edge detection(c)andline fitting(d)･

Eightimages(twoimages
for each model)were used･The kind andlocation of

each p01yhedron portraiedin theimages were correctly determined except for

oneimage･Fig･5shows theimage of the quadrangular pyramidmisrecognized as

a regular tetrahedron･The positions of the vertexes are apt tO Varyin the

preprocessing process due to the p00r reS0lution･Since themisrecognition

seems to be caused by theinexact positions of the vertexes,the error may be

avoided by takingimagesin higher res0lution･Examples of correct TnatChing

are shownin Fig･6･Thicklinesin the figure correspond to the models･

Fig.3 Modelof a cube(a=6･25 cm)
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(a)

(c)

(b)

(d)

Fig･4 tnputimage(128XL128)(a),reSults of edge

enhancement(b)′ edge detection(c)andline

f土tt土ng(d).
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Fig･5An example of quadrangular pYramid.

勺

Fig･6Examples of matching(Thicklines

COrreSPOnd to the
model).

6.Conclusion

=n this paper,(l)it was shown that the perspective transformation can

be approximated by an orthogonalprojection,(2)the
formula determining the

ParameterS Of the orthogonalpro]eCtion from the c00rdinates of corresponding

three points on the modelandimage was developed′ and(3)a technique of

matching a 2-Dimage taken of a 3-D object with the model was proposed･

Our matching techinlque SetS the correspondences between the model

vertexes and theimage vertexes on the basis of their geometricallocation

rather than their topologlCalproperties.Therefore,itisless affected bY

the false vertexes and false edgesin theimage.Breaks of edges can be

125
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PrOPerly treatedif a simple preprocessingis appiied to theiinedrawings.(10)
=n thepreprocessing,allprobablebreaksmaybeimmediatelycomplemented,

Sincethismatchingtechiniqueisnotaffectedbythefalseedges(causedby

theunnecessarymiscomplementation)･The formuladevelopedcanbe
applied

tO SOme PrOblems other than thematching･For
example,the parameters

determined bY this formula canbe used as g00dinitialvalues to determine the

ParameterS Of orlglnalperspective transformationbyaniterative techinlque

SuCh as hillclimbing.

(l)theerroranalysis
andtheapplicationofparameterdeterminationusing

Orthogonalprojection approximation,(2)decreasing the computationalcost of
the matching and(3)the treatment of the occlusion.

Heuristic pruningin the process of D･P･andimposing penlty on the

OCCluded vertexes encounteredin the matching process willbe concidered to

S0lve the
problems(2)and(3)respectivelY.
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