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Application of combined shape and color invariants to image retrieval

Gong Ming'?, Cao Weiguo’, Li Hua'?
1. Computer Applications Research Center, Institute of Computing Technology Chinese Acadamy of Sciences, Beijing 100190, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: Image retrieval based on multiple visual features is one of most important direction in the field of content-based
image retrieval. Existing retrieval algorithms are based on multiple features mainly combining features through linear weigh-
ting. However, this just achieves combinations in the sense of algebra, and the retrieval result is susceptible to the choice
of the weights. To solve this problem, including the extraction of shape and color information in the feature extraction proce-
dure, we propose a method to construct combined shape-color features, called shape-color moment invariants, which are
invariant to both shape affine transformation and color diagonal-offset transformations. First, we define the shape core and
color core in the two-dimensionol geometric space and three-dimensionol color space respectively. Then multiple integrals to
the product of shape core and color core are produced. Finally, we get an invariant feature by normalization. Theoretically,
this method can derive an infinite number of invariant features while choosing different shape cores or color cores. The
experimental results show that this method is distinctive to existing linear weighting method, and has better performance and
efficiency when retrieving near-duplicated images, images with similar property, broadly similar images etc.
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Fig. 1 Images of synthesis color and shape transformations
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Table 1 Results of SCMI* evaluated on synthetic images
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Fig. 2 Example images of a bear under

different imaging conditions
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Fig. 3 Precision-Recall curve for retrieval

in different illuminations
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Table 2 Retrieval efficiency of different features
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L5 2
S_Core(4,6;3,3,3,3) =324(0,1,2)A*(0,1,3)A(0,3,4)4*(0,2,4)
C_Core(2,1053, 555 ) = (R =B) (6, = 6) (B, = B) |* | (R, =) (6, -6) (B, - B) |

(R, =R) (6, =6) (B, =B) |7 [ (R, =R) (6, - 6) (B, - B) |
SCMI(2) =( —SC_uiO(%) SC_uéS(% +65C_us3)SC_uy (3 X
SC_ulz(%)SC_u(B(%) —4SC_u30(%)SC_u?2<%> —4SC_u03(%)SC_u§,<%) +
35C_u§1(%)SC_uf2(%> )/ (SC_ug, )" = —SC_n;,(%) SC_»qu(%) +65C_130.3)SC_my;(3)SC_m1y3) X
SC_n(B(%) —4SC_7;30(%) SC_”I?z(%) —4SC_7703<%>SC_7;;(%) +3SC_7]§1(%)SC_1]?2(%)

S_Core(3,4;2,3,3) =84(0,1,2)4(0,1,3)4(0,2,3)

55

C_Core(3,7 ;2,?,?

=[(R,-R)(G,-G)(B, -B) |"

[(R, =R) (G, ~G) (B, =B) |* | (R, ~R) (G, - G) (B, -B) |*
SCMI(3) = (SC_tysSC_ty; (5, SC_tgy 5y = SC_ur, SC_uiys) =
SC_111,5C s 5, SC_ttgn 5y +SC_1,,5C 1y, (5, X
SC_upp sy +SC g, SC_tg 3 SC gy sy = SC_ug, SC_uzy5)) / (SC_uggy )" =
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SC-’?zozSC—”hl(%) SC-’?O}(%) _Sc—nzozsc—'ﬂiz(%) - SC—”IHZSC—UW%) SC—”)(B(%) +S5C_myp; X

SC—"Iz](%) SC—7]12<%) + Sc—nozzsc—nm(%) SC—TIO.%(%) - Sc—nozzsc—”l;(%)
45 4

S_Core(5,633,3,2,2,2) =324(0,1,3)A(0,1,4)4(0,1,5)4(0,2,3)A(0,2,4)4(0,2,5)

C_Core(5.11 ;%,%,2,2,2) = [(R,=R) (6, =6) (B, =B) | (R, ~R) (6, - 6) (B, - B) |

[ (R, =R) (G, -G)(By-B) I”| (R, -R) (G, - 6) (B, -B) I"| (R, =R) (G, - G) (Bs - B) |’
SCMI(4) = (SC_u3,SC_ugy 5, +6SC_u3, SC_u,,SC_uy 5, SC gy 5y =3SC_3y SC_ugy X
SC_upy sy =6SC_ui,SC 1y, SC_tty, 3, SC_ugy 5, =6SC_uy,SC_uty 5, SC iy, +
lZSC_umSC_u]12SC_u0225'C_u21%) SC_ulz(%) —3SC_u§225C_u2025C_u§1(%) +
28C_u 3 SC_izg 3, SC_tty 3, +6SC_u ,SC_up SC_uyy =6SC_u3,SC_ug, X
SC_ttsg 5, SC_tty 5, =6SC_ui ,SC_u3, 5, SC gy, +6SC_ugy, SC_uy1,SC_tng 3, X
SC_uyy 3y = SC_ugnSC_u3ys)) / (SC_ugyy ) "' =
SC_13,SC_mg35) +6SC_13,SC_1,,SC_n,55,SC_ng3 5, =3SC_m3, X
SC_ 10 SC_1122) =6SC_111,SC_1200SC_151 5, SC_ms( 5, =65C_mi1, X
SC_m1s5)SC_ My +125C_120,SC_111,5C_1005,SC_13y 3, SC_m13. 55 =
35C_10SC_200SC_131 3y +2SC_17155C 11393, SC_mos 3, +65C_m35 X
SC_1yy SC_n,, =6SC_17,,5C_110,SC_1302,SC_115 5, =6SC_17,,SC_1m3 5, X

SC_ngy, + 6SC—77(2JzzSC—"’7112'SC—7730(%) SC-”’]zl(%) - SC_nézzSC_n§o<§>
15

S_Core(2,4;4,4) =84°(0,1,2)
C_Core(2,6;3,3) = | (R, =R) (G, -G) (B, =B) || (R, =R) (G, -G) (B, -B) |
SC_11,403SC _t1gy —4SC_113,,SC_uu 55 +3SC_usy,

(SC_uy,, )6

SC_774035C—77043 ‘4SC_7731356—77133 + 3SC—77§23

SCMI(5) =

51 6
S_Core(3,6;4,4,4) =32A2(0,1 ,2)A2(0,1 ,3)A2(0,2,3)
C_Core(3,9;3,3,3) = [ (R, -R) (G, -G) (B, -B) |" x
‘ (Rz _R) (Gz _G) (Bz _B> ‘3 ‘ (R3 _R)(Gs _G) (B3 _B) ‘3
SCMI(6) = (SC_1,038C 111, SC_t145 — SC_t14035C 1643 — SC_t1y5 X
SC_135 + SC_t5,38C 111, SC_tt5 = SC_112y3) / (SC_uugyy )’ =
SC_14035C_153SC_143 —50_7740350_77?33 - SC—TI043SC—77§13 +
SC_m3135C_13SC_m 55 - Sc_ﬂgzs
57

S_Core(3,4;4,2,2) =84*(0,1,2)A°(0,1,3)
C_Core(3,7;3,2,2) = | (R, =R) (G, =G) (B, =B) |’| (R, =R) (G, = G) (B, - B) |* x
[(R;=R) (G, ~C) (B, ~B) |
SCMI(7) = (S(]_uiOZSC_uO43 -4SC_uy, SC_u,,SC_uys +
2SC _11,0,SC_113, SC_t1y; +4SC_u,SC_11y, —
4SC_1,,S8C 1y, SC_uqyy + .S(:'_uézz.SC'_LL4()3 \Ya (SC_uyy, ) =
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SC-"];ozSC—n(m _4SC—77202'SC—771125C—77133 +ZSC—772025C—"7022'SC—77223 +
450—77%12561—77223 —45C_1,,5C_10, SC_myy5 + 50_7752250_77403

S_Core(4,6;2,4.,4,2) =324*(0,1,2)A*(0,2,3)4*(0,3,4)
C_Core(4,10;2,3,3,2) = | (R, -R) (G, -G) (B, -B) I’ x | (R, -R) (G, -G) (B, -B) |’
[ (R, ~R)(G,~G) (B, -B) |’ (R, ~R) (G, - G) (B, -B) |
SCMI(8) = (SC_u2,SC_111;SC_tiyyy — SC_ul, SC_u’sy —
28C 11y, SC_11,1,SC _t13;3SC _tgs +2SC 11y SC_tty1SC 13 SC_uty55 +
SC_1150, SC_11y, SC_11403.5C _tgy5 —2SC_t130 SC_110p, SC_115,35C _u 55 +
SC_13,,8C 113, SC_ttg, +4SC_113,SC_115,SC_tty5y —4SC_ut,SC_usyy —
28C _u,1,SC 140, SC_1403SC_tt 133 +25C 111, SC 10, SC_1133SC 1y +
SC_ugy, SC_t140,SC_ttyyy = SC_uiy, SC_ti313) / (SC_tigy, )" =
SC_”)'];)Z.S'C_’r]mSC_*r)O43 —SC_*r];)zSC_’rﬁ33 =28C_1,,SC_1,1,5C_m3,35C_m5 +
25C_1,0,5C_1,1,5C_12, SC_m133 + SC_120,SC_1140 SC_1,403.SC_13 —
25C_1,0,SC_105, SC_m5135C_m 5 +SC_77§23SC_772025C_77022 +
4SC_13,8C _tt3,SC_my55 —4SC_171,SC_123 =25C_1,1,SC_1032SC_140s SC_1 135 +
25C_1,1,5C_14» SC_1335C_7505 + SC_n(z)zzSC_nm}SC_nm - SC_n(Z)ZZSC_’r]§13
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