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1. The statistic invariants

Let f(2,y) 2 0 be a real bounded function with the support on finite region R we define
(p + ¢)th-order moments by

. m I
Mpg = // fla,y)zPyidedy, p,g=0,1,2,.. (
-0 .

Note that, setting f(z,y) = 1 the equation (1) gives the moments of region R that could represe
a shape: Thus, the results presented here would be applicable to arbitrary objects as well as th

shape.

Theorem: The finite set moments {mpy, p,q = 0,1,2,..} uniquement determine f(z,y), and v

versa[{].

The center moment ypq is defined as follows:

Hpg = // F e y L =T)P(y-79)dedy, p,g=0,1,2,. (¢
—m[ty PE W

(N
i

where T=[ue, =" and the standard moment 7,, for scaling transformation is defined

follows

Moy = EEL, 4 = 1/(2(p +q)) + 1.
Koo )
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fij.i}lval'ial]t‘s were indicated by Hu [1] for Ial)ovc transforimation
f Py = j1a0 + Moz
s @2 = (120 — pro2)® + 4,
Py = (30 = B112)? + (pros — 3y1a1)? '
Ga = (a0 + H12)* + (poa + pian)*
P5 = (iao = 3p2)(pta0 + pa2)((pos + p12)* = (a1 + pr0s)*)
+ (Buar = poa)(pros + pa)((pos + pi)* = 3(pna + p30)?)
s = (pra0 = po)[(peso + j112)? - (l".'.?ll + pos)?] + g (s + pa2)(pa + poa) -
Br = (3p21 = poad(pso + p12) (o + p12)* = 3(par + 112)?) |
= (3p12 = po)poa + pa1)((poa + p21)?® = 3(par + poa)?).

i
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In the paper we use polar coordinate transformations for proving their correctness.
Let us druote

. —

‘ L =T =7rcoso,
| Y=y =rsinphi

E\\'e can obtain the centre moments in polar coordinate as follows:
f

R A '
Hpg = / / Ll o)rP i+ cost o sin? odrdé.
o Jo

Let gg(8) is the function

o o

| gol(6) = / M [ 6)dr
0

Lhen we obtain the expression
i i

Jling = / gap + 14 Ue)dr
| Ju

It is not difficult to prove that gy(a) is circulating with period 2.

If the range R is rotated around point (. y) with angle a, then my,, will be defined by:

/1,.,,(u)'=/ gep+y+ 18+ a)dr
JO
Dbviously, we have the results:
¢1 = pig(o) + pia(n)
ar , ' Cprm oo ) o .
= |/ gilo + o) Cdol® = |~ /‘,@g;,’(o)e""dq)l"'= |/0 g3(¢)e'?de|®
0\.«‘ ' .
‘P: = (p*"(n) - froa(a))? + /‘:l',l
Ir 2r 2r
_|f gala 4+ @)e*Pdo|? = e~ "'°/ r,,,(c,)r-mdm = |/ g5 (6)e* ?dg|?
0
= (pzolar) = pu12(a))? + (pos(n) = 3pay(a))? '
o N ) N 27 ) . y e ,
= / golar+ 0)e¥edg|* = | =% / 63(60)e” 2dg|* = | / g5(¢)e* *dg|?
0 0 0. :
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To prove the reality of the remaint invariants we can use the Euler formula as follows:

\ ; . ‘ .
(Cm_'_{.—m) ) (C"p—f'_““’) -
08 Q = —————— Sl ¢ = ———————
| cos Q@ 5 l 5 (7)
It is'oasy to obtain the invariant moments ¢4, Py, Oy, @y, .
From the equations (3), (6), (7). (1) we see that
a7 )
vert / go(@)c " dy - (%)
Jo

is invariant for the translation and mmtlon, where @ and ¢ are the arbitrary pamm(‘u Is, \\ hn“
0=3.t=1and 0=3 =2 weobtain the moments @, Py, n-xpoclncly

2. Extracting fhe invariants based on the contour

Il f(ry¢) = 1. from equations (2) (8) we can rewrite (8) as follows:

I Pmax(9) ) y
/ / 17 e11%dd (14
JO JH)

where rpag(o) is a distanee from the central point of the range /2 to contour with the polar angl.
o. When 6 = 2, from equation (9), the vxm'vssion
' | —— 1) (10)
Jo ’nmx(“
is invariant for rotation. It is a (hmmstl( function of =—L—_ When ¢ takes the values 0,1.2,

Paax(@)’

have the Fourier effects on the expansion of function ——
Pmaxl @)

60 he range 12 is a discrete set of contour points (. yy ). (rocy). and thepNjcentral point lies

on the coordinatejN; of origin. We ean caculate r(o) - the distance from center point 1o the contonr

with the angle & as follows:
Lesre I‘l‘(f,')) = I,j CONO + 1 sin o, ( | ])

where

o Ligl. = s Iigg =, D)
= (Yogr = i )i = (rigr =20 "= Wigr=y)ri=(ripr=roy, (t2)

and 0; < o< oip: 0 = arctanger i =01, ...

The effects ap and by are caleulated by expressions:

sin(k + 1o sin(k = 1 P . .
2 Z [ ')(A + l 2(/\. - l) ]L,‘):ﬁ:,+ + (l'”

.'s:m(l'—l)c‘) sin(k + 1)o, o=,
rif 2(‘._” = Jlo=ort

p =

2k 1) =
1 (?’ 3 17 (k + 1)
cos(k'— cos(h + 1)@, p=
b, = — _ O=¢ 41 14
4 27r{zl'[ k%D " 2k 1) e=e, ot
.‘s'ill(A" - 1)o \Hl(l + D)o pzgrt
il Ae-1)" " 2k llozs, )
ag = Z(I sing — (()50)[""""5'*‘, (15)

i=]
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hercfore, the expression 2y = \/@p + b¢ is invariant for the rotation and translation. Further
. 2k o H .
bre, the ratio gb is Invariant for the scale transformation.

The SCC model (SCC- Star Contour dee)

SRR

This model is 'based on a very 'simple fact that the convexity is unchangeable under projection:

1. Angles that are greater than 180 are always greater 180
| 2. Angles that are less than 180 are always less 180

L . 3. Angles that are equal to 180 are always cqual to 180

The SCC is used for every vertex. The codes are assigned according to the folToivs:

Each point in the set is considered as central point and all others around it aze connected by
iaight lines. ' '

1. Convert vertex point is assigned ’g’

2. Concave vertex point is assigned ’1’

3. The point on line (vertex angle equal to 180) is assigned "2,

ines are dr: in certain direct; , : . . ;
4. Lines are drawn in certain direction, say clockwise. If serval points lies on the straight

e with the central point, will be draw from far side to near side of the central point.
| 5. Points lo¢ated on the b"’”lel'_o"f the set may only have partial contour. In this cése, the
o terminal point will be assigned ‘3", ,

Matching by use of SCC Let set 1 and set 2 be two n-point set (this. limit is actually unnecessa.ry

are k poiuts in set | difference from point s in set 2 and

ts suffer different perspective transformations. An algorithm
the matching by SCC is given as follows.

t it makes computation simple). There
rers are same each other. Two se

Give names to the point in tWo set, say A, B, C,... and a, b, c,...computer chain code for every

ry of contour point with them to gether.

e of distortion, from ratio of signal to noise:

compare every chain code of set 1 with that of set 2 in
cord the number of codes in the greatest common part. Sct up threshold

hen the bhe ommon codes js o ' . .
When the number of con ¢8 18 greater than T, the matching of these two points will
acceptable. The second level

Int in set 1’ and set 2. List the names eve
Estimate the value of k or k/n, the degre
Matching is progressed in two level:

ircular manner. Re

‘ . : for each acepted natched pair of points, compare every pair of
Hr contour points in the common part in the san. way as in the first level. For acceptable pair
. ‘ corresponding element of matrix M.

Select L pairs of points that have the L, greatest values of element in M. We will see that I, is

¢ couples of its contour point in common

contour points judged by the same T, add 1 to the

und 2k. For every pair of these L pairs, use avny:ﬁ"hre
't to set up the restoring t'“f"Sfol'mation:\' and use them to convert sct 2 into space of set 1. Now
re are new L pictures of set 2.

Conipare each one of the L pictures of set 2 with set 1 to see how many couples of points are

hcident. If the number of couples of points is near n — k, the matching of set 1 with set 2 will

acceptable.
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"4, Conclusion

This paper has presented the correctness of invariant moments and given a method for comput.
ing invariant moments from coordinate transformation with an invariant extracting based on the
contour points, this is a simple calculation and can be used for industrial objects identification,
Some evalutions of statistical matching, fourier expansion based matching and graphical match-
ing are given in the last section of the paper.. This paper is fulfilled by the aiding of the basic
researching program in the nature science field.
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Abstract

Extracting Invariants Based on Coordinate Transformations

This paper deals with some methods extracting invariants for the translation, rotation and scaling
and finding invariants which arc depended on statistic invariants. It collates them with the Fouricr
transform. For discrete point sel we can usc the'polat coordinate o consiruct SCC (Star Contour
-Code) and give malch algorithm for SCC. '
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