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Abstract: In order to study moment invariants of color images the quaternion is used to process color images
and to implement the parallel processing of R G and B components. Traditional complex moments for graylev—
el images are introduced to the quaternion and the quaternion moments for describing a color image are pres—
ented. Then the quaternion affine moment invariants are derived. Experimental results show that the stability
of this method is superior to that of L. V. Gool’s color affine moment invariants and the value of o/u have be
improved by two orders of magnitude. The proposed quaternion moment invariants could be a useful tool in col-
or pattern recognition and tracking.

Key words: color image; quaternion; quaternion moment; affine moment invariant

1201107213 120110823



498 4
1 .
60 80.90 o °
2
) 1 3
¢g=q +tqitqgjtq .k (1)
3 :

o Hu I i2:j2:k2:_1 (2)
7 ij=-ji=-1 jk=-kj=1 ki=-ik =7j.
(3)
q q °
¢9=q¢-¢"i-q¢°j-q " k. (4)
AN * ( cross-weighted lqll = Vaq = \/q%"'(liz"'qj?""ﬁ . (5)

moments) . > trace :
6 ' =q/llql’ . (6)

. Flusser Reiss q 1 q
2T 78 °
o 9 IJL
10 e’ = cosf + using . (7)
. 11 fxy)
12 Hu fxy) =falwy) ~i+folxy) -j+

. 13 Sfolxy) -k (8)

Srlaxy) folxy)  folx y)
R.G B x 0y

o



: 499
4
: ° (9)
! ( Q( m n) = ﬁjosz()rYn+n+leM(ll_’n)af( r 0) drde.
(15)
) fx y) Ar 6+0) Ar o) 0

Slxy) (m+n)

fﬁez x —py) "(x +py) "Ax y) dedy.
(9)

=[x ) (= ) "+ pay) "y,
(10)

Or(m n) = [ (x =) " 9) (x + pay) "dady

(11)
M M :
M=§i+é§j+§k- (12)

3

(13)

2 200 0 ) o

a#B 6§#0.

Ar 0+¢) (15)

w© 21
— j J rm+n+le,u(n—m)|‘} .
r=0J=0

(m=n) * 2m +n+l1
Ar 0+ ¢)drdg = ¢ "pﬁzoJ;:or ‘
e}l,(n—"l) Hf( r 0) drdg = eM(M—n)‘PQ( m n) . (16)

(16) ;
HQ(m n) || = " Q(m n) || =
I QCm n) | (17)
(17)
(15)

m n

—_ i v

- E 2 Can
i=0 j=0

M(m+n—i—j)( _ 1) (m-i) H

i+ m+n—i-j

H,, = ﬂ Y A x y) dady . (18)
HM Hu
Hpq f(x y)
18
Hpt/
x'=x+6x y =y
ﬂ Yy x" y)dedy” =
jj (x +8)) "y fx y) dudy =
2 Ck - kHA prq-k ( 19)
Hy, =6H,, +H, , . (20)
H]l
H: =0 S = 19
11 H02 ( )

P
H;hq = 2 C;:( _Hl 1/H02) Syl

k p+q-k *
k=0

(21)



500 4

X =av y =By
. y . A . . sh L sh L
o= e - =[] o= lags] @
. (H',) (Hy»)
[[.Ca0)"(BY) Ax y) apdedy = &"'B"H, , . (25) (23)
(22) :
(21)  (22) o= (H) ST TR, (26)
h” { k (p-k)
Hy, :%()Cp(_H,ll/H/OZ) "UH g = °
14
S CH-SH /Hy,) 0 o, L = 32 =32
= B o d(pq) = || (H,) 5 (1) = H . (27)
+1 +1 pysh
BT H), . (23)
(23) : 4
Hy, = o'BH;, =1
. (24)
Hg)hZ = aB3HE)h2 = 1 15

P(128%¢128) P_al(154>103) P_a2(179X154)
(@) FikkrE (b) (©) (d)

(a) Original color images

P_ad(167 X 141) P_as(167 X 154) P_a6(205X 167) P_a7(167X154)
(e) (® (g8 (h)
(b)~(h)y P_al~P_a7{ji A5 11214
(b)~(h) Color image after transform
1 8

Fig. 1 Color images and their affine transformed versions
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Tab.1 Quaternion moment invariants
()
d)IZ d)ZZ 4)24 d)3l ¢32 ¢4l (1)44 (1)56
P 1.276 9 1.298 2 0.953 8 2.866 9 2.1577 2.2729 2.2258 2.277 6
P_al 1.284 6 1.3052 0.953 8 2.899 0 2.147 17 2.274 2 2.224 6 2.267 5
P_a2 1.274 1 1.298 7 0.953 5 2.867 4 2.1579 2.2715 2.224 9 2.279 8
P_a3 1.274 4 1.3050 0.953 7 2.8556 2.124 1 2.276 6 2.220 5 2.280 4
P_a4 1.280 3 1.299 3 0.953 4 2.890 1 2.148 5 2.269 7 2.224'5 2.273 3
P_a5 1.297 3 1.277 9 0.953 1 2.8793 2.1312 2.254 4 2.2255 2.290 3
P_a6 1.273 5 1.312 8 0.955 4 2.808 8 1.987 2 2.291 1 2.198 0 2.254 2
P_a7 1.280 6 1.299 2 0.953 4 2.877 8 2.168 7 2.270 0 2.226 5 2.280 9
o/u 0.006 2 0.007 7 0.000 7 0.009 6 0.027 6 0.004 4 0.004 3 0.004 8
2
Tab.2 Color moment invariants
(s D)
S 2 Dy, Si, D, D:z D%z D?z DTZ
P 0.117 1 0.101 5 1.8302 1.398 5 1.614 3 1.8527 1.777 2 1.560 3
P_al 0.190 1 0.176 7 1.791 7 1.317 0 1.596 4 1.808 0 1.670 5 1.484 3
P_a2 0.1890 0.1753 1.924 4 1.536 6 1.664 6 1.930 5 1.928 4 1.693 2
P_a3 0.216 0 0.202 6 1.903 7 1.510 8 1.678 6 1.936 8 1.869 7 1.6750
P_a4 0.214 6 0.201 4 1.828 8 1.417 1 1.620 6 1.866 7 1.794 4 1.579 5
P_a5 0.216 0 0.202 7 1.2599 1.984 8 0.859 8 1.257 1 2.296 7 2.101 0
P_a6 0.3059 0.292 4 1.927 2 1.550 7 1.706 7 1.963 6 1.904 9 1.713 0
P_a7 0.206 0 0.1923 1.917 2 1.537 1 1.701 8 1.958 3 1.893 5 1.701 5
o/u 0.2499 0.270 4 0.124 3 0.1313 0.1826 0.1289 0.097 4 0.109 9
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