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A Fast Non-destructive Algorithm for Image Description Based on Improved

Wavelet Moment Features

LIU Jia-Min1 XIE Hai-Jun1 LIU Qiang1 ZHU Sheng-Jun1 ZHANG Wei1

Abstract In order to rapidly and non-destructively calculate image eigenvalue, by combining the Mallat algorithm,

a new invariant wavelet moment algorithm with non-destructive sampling is presented. Feature extraction based on

amplitude spectrum and wavelet moment invariants is also presented. The experimental results show that compared

with the traditional cubic B-spline wavelet moments and Hu moment invariants, this algorithm can greatly accelerate the

wavelet moment invariants calculation with few losses in performance. The new wavelet moment invariants algorithm

based on amplitude spectrum is verified to be insensitive to noises compared with other wavelet moment invariants.
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3�ÅÝ�O�þ�oI��^�I=�,
3òêiã�l�Æ�I=��4�I�L§¥O\=�Ø�; �oÒ�U�^w5�Å (Xng B�^¼ê), 
�{òMallat ¯��{K\Ù¥[5] .�©3DÚ�ÅÝØCþ�Ä:þ, (Üêiã����A:, JÑ
�^��5O�ã��æ��{, ¿3��O�¥(Ü Mallat[6−7] �{5\¯�ÅÝ�$��Ý. ,	, �©�JÑ
3ªÇ�æ�8�z��ÅÝ�{.

1 DÚ�ã��ÅÝØCþ
1.1 ã��ÝéuëY�Ý¼ê f(x, y), §� (p+ q) ����:ÝMpq �½ÂǑ

Mpq =

∫ +∞

−∞

∫ +∞

−∞

xpyqf (x, y) dxdy,

p, q = 0, 1, 2, · · · (1)�â��5½n, §���Ý�3���/�
f(x, y) (½, �L5, f(x, y) Ǒ��/�§���Ý¤(½. du Mpq Øä�²£ØC5, ½ÂÙ
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(p+ q) �¥%ÝǑ
upq =

∫ +∞

−∞

∫ +∞

−∞

(

x− X̄
)p (

y − Ȳ
)q

dxdy (2)Ù¥: X̄ = M10/M00 Ú Ȳ = M01/M00 éuêiã� f(x, y), §� (p+ q) �¥%ÝKCǑ
upq =

∑

x

∑

y

(

x− X̄
)p (

y − Ȳ
)q
f (x, y) (3)5�z�¥%Ý ηpq ½ÂǑ

ηpq =
upq

ur
00

(4)Ù¥, r = (p+ q + 2)/2, p + q = 2, 3, · · · , d��Ún��5�z¥%ÝB�±�¤ Hu Ý� 7 �ÝØCþ. ù 7 �Ýªéuã��²£!^=Ú �ÑäkØC5.b� ‖Fp,q‖ Ú ∥

∥F
′

p,q

∥

∥ ©OǑü��qã��AÆ, §��m�3Xe'X:

‖Fp,q‖ =
∥

∥

∥
F

′

p,q

∥

∥

∥
+ ∆pq (5)b�kD(�3, KþªCǑ

‖Fp,q‖ =
∥

∥

∥
F

′

p,q

∥

∥

∥
+ ∆pq + npq (6)ÏǑüÌã��q, ¤± ∆pq o´'��. du HuÝ!Zernike Ý�Ñ´3��ã��m¥O��, Ï
 npq Ò'��. XJ npq '∆pq �, Ò¬�£Ou)�Ø; XJã�Ý´lÛÜã��m¥��, �o

npq Ò¬é�, ù�Ò�±Jp£O��(Ç.

1.2 ã���ÅÝØCþ�ÅC��±Ó�Jø��Úª�I�, äk�N&ÒÛÜ&E�Uå, Ï
�±�Ä|^�ÅC��ù«A55J�ã��ÛÜAÆ. �Å©Û��¿vkØC5, ò�Å©Û�ÝØCþ(Ü¢Sþ´|^
Ý�ØC5��Åéã�[!�rºUå. Ǒ
��Ý�^=ØC5, �±æ^4�I��{, -IOÝ¥ x = r cos θ, y = r sin θ. ²{üü��, ���ÝAÆ���L«ª:

F =

∫ ∫

f (r, θ)gp (r) ejpθrdrdθ (7)Ù¥, gp (r) ǑC�Ø�»�©þ, 
 ejpθ ´C�Ø�ÆÝ©þ. �±y², �ÅÝØCþäk^=ØC5[8]. ?�Úrª (7) �¤
Fpq =

∫

Sq (r)gp (r) rdrdθ (8)Ù¥
Sq (r) =

∫

f (r, θ) ejpθdθ (9)

½Â�ÅÝØCþǑ
∥

∥Fwavelet
m,n,q

∥

∥ =

∥

∥

∥

∥

∫

Sq (r)ψm,n (r) rdr

∥

∥

∥

∥

(10)Ù¥, ψm,n (r) = 2
m

2 ψ (2mr − n), Fwavelet
m,n ¢Sþ´

Sq (r) r ��ÅC�. ÏǑ ψm,n(r) ��Ñ´;| �, �oz�� Fwavelet
m,n Ñ´ã����[!£ã.ù�O�ã�Ý�dD(�5�Ø�7,¬'O���ã�D(�5�Ø����õ. ��©z¥[5, 9]Ñæ^ng B �^¼ê�Ǒ1�Å ψ(r), =:

ψ(r) =
4an+1

√

2π (n+ 1)
σω cos (2πf0 (2r − 1))×

exp

(

−
(2r − 1)

2

2σ2
ω (n+ 1)

) (11)Ù¥, n = 3, α = 0.697066, f0 = 0.49177, σ2
̟ =

0.561145. �rã�º�8�z� r ≤ 1 ����§|^ØÓ�ºÝÏf m! £Ïf n, ψm,n(r) �±H9��»��m [0, 1], �ÅÝ ∥

∥Fwavelet
m,n,q

∥

∥ Jø
ã� f (r, θ) 3ØÓºÝY²þ�AÆ, l
��ã���ÛAÆÚÛÜAÆ.

1.3 DÚã��ÅÝ�"�8
kü«�{5O��ÅÝØCþ, ùü«�{Ñk"�. 1�«�{´U1×£ã, � x!y���IOæ�. �^úªXe:

Fm,n,q =
∑

(x,y)∈D

f (x, y)ψm,n (r (x, y))×

exp (−jqθ (x, y))
(12)

ψm,n (r (x, y)) ´�^ng B �^¼ê½Ù��w5�Å�Ǒ�Å¼ê. ù��vkæ�Ø�, �´duù«�{¥�U�^w5�Å
ØUK\ Mallat�{, Ï
éuêiã�¬�)ã��$�þ.,�«�{´òã�=��4�IXe|^ª (9) éã�?1æ�, ,�é Sr (r) r ?1�ÅC�. ù«�{��?´� Sq (r) r �úª3lÑ�¹e� FFT �/ªé�C, �±/Ï FFT ?1O� [10]. �´34�I=�¥, 4»Ǒ r �ëY�þlÑ:�ê8Cz�~�, §±Ø5K��ª��»
Cz©é,
�»�, ��Òvk) [11]. ¤±Ǒ
���A� f (r, θ) �, Ò7L?1��. ù�� r �éA� f (r, θ) 7,¬�5é��Ø�. �^�IC�O��ÅÝØCþ��{ [10,12] L²: é{üã/=�
�5�Ø�¬�� 3%, ¿�éüa�éã�£O��(Ç�p��� 95 %.

2 U?��ÅÝØCþ�{��éêiã�æ��êâKÜ Mallat �{,�±Q~��IC�L§¥�5�Ø�, q\¯
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���\�æ�. 2éª (10) ?1©Û, �±wÑ
Fwavelet

m,n ´é Sr (r) r ����ÅC�. Ǒ,éz�� r � Sq (r) r éulÑ�êiã�Ñ¬ké� �, �XJ± 2n ǑÚ��∑ri+n

ri−n
Sq (r) r Ò�±òØ�~���$. ÏǑêiã��lÑL«´��/»�Áë
¤�:
. �?1�IC�U4�I���, ±4»Ǒ�»�ëY����/»���:ê8Cz�~�, §±Ø5K��ª��»
Cz, � x2 + y2 = r2 éu,
�»���Òvk). �·��I��Ñã���ÅÝAÆ, 3�Ïé Sq (r) r ?1õ?�ÅC���¡A?C��

Sq (r) r $ªLÈ���ÅC�. Ó�·�Ǒ�±kéã�3� Sq (r) r �?1$ª²w, 2?1�ÅC�. ù3æ���LyǑ� ∑ri+n

ri−n
Sq (r) r, 
3

r − n ≤ x2 + y2 ≤ r + n ���Sæ�. á3��S�»�:�ê� r O\¬k��1w�Cz,;�
 r �þ»�:êCzL�½vk»�:
I�������IC�¯K, ¿�3Ó��S�»�:Ø¬�Ù^=
Cz. ¢Sêiã�¥, ��»��:þ�lÑ��½Â�~î�. ·����u�´äk�½ “þÝ” �, l
ò�w¤´����¤�¹��:�8Ü[9] . �%���?���ålǑ max(r), Ï
�±�� ⌊max (r) /2n⌋ �
∑ri+n

ri−n
Sq (r) r, �Ǒe�Ú�^ Mallat �{��Å©Û�êâ. ëì3ã��m�8�zU?�ÅÝØCþ��{, aq/�±�Ä3ã�ªÇ�éã�8�z, ?�ÚU?�ÅÝØCþ�{. äN¢ykXeü«�{.

2.1 Äu�m�8�z��ÅÝØCþ�{U?�Äu�m�8�z�ÅÝØCþ�{ÏLe¡úªéã�?1\�æ�:

Sq (ri) ri =

ri+n
∑

ri−n

f (x, y) exp (−jqθ (x, y)) r (x, y)

(13)ÙO�Ú½Xe¤ã:Ú½ 1. ã�º�U��8�z;Ú½ 2. �Ñã��%�I, ¿òã��I�:£�ã��%?;Ú½ 3. ÏLO�, �)�ã�º��Ó¿��I�:�ã��%�I�Ó� r (x, y) � θ (x, y) ��; Ú½ 4. �Ñz�� Sq (ri) ri;Ú½ 5. �^ Mallat �{éêâ?1�Å©Û.

2.2 ÄuªÇ�8�z��ÅÝØCþ�{Äuã��m���ÅÝØCþ�{®²¢y


^¯��{��Å�ÝØCþéã�AÆ?1J�, �Ù�{�UG1�¤. 38�z�?n¥·�uy, éÄuã�ªÇ��8�z�æ�ǑU¢y�{�¿1$�, ¿�¢�(JL²§�|D(Uå$���LÄuã��m���ÅÝØCþ�{.ã��Fp�ªÌ´'u�:é¡�, ¿��I¶��þ´±Ï���. ù�Ò�±��éã�?1 FFT C�, C���Fp�C��6©þØ¥. �â��Fp�C��²£5, ��ã�²£�ÙªÌ�k� �Cz, ��éÙªÌ����Ì�ÌBäk²£ØC5. 2(Ü��Fp�C��^=5��Ù�!ªÑ¬^=�Ó�ÆÝ, ÙÌ�Ìé�∑ri+n

ri−n
Sq (r) r vkKǑ, ã��^=ØC5Ǒ�±¢y. �Äu�m�8�z�é', ã��Fp�C��6©þ´Ø¥�, �o�Ù�'�\���Ò�±3^ FFT O�ã��ªÌ�Ó�)¤.¿�ÄuªÇ�8�z��ÅÝØCþ�AÆJ�´^�X��ÏÈÅìJ�
ã��ª��©þ�,^�ÅÝØCþéªÇ�[!?1©Û. ã��Ì�ÌUþ  8¥3¥$ª, 
D(�Ì�Ì  8¥3pª, 3ªÇ���ÅÝØCþæ��±�âk��£éD(ª�?1�ï. Ïd�Äu�m�æ���ÅÝØCþAÆJ��'�, §äk���|D(Uå.ÄuªÇ�8�z�ÅÝØCþæ��úª�Äu�m�8�z�ÅÝØCþæ��úª�Ó,ÙäNO��{�IòÄu�m�8�z�ÅÝØCþO��{�Ú½ 2 ÚÚ½ 3 UǑ: O�8�zã��Ì�Ì, ¿1�)���8�zã�º��Ó,¿��I�:3��¥%:� r (x, y)� θ (x, y)��.Ǒ,3 PC ÅþÄuªÇ�8�zO� FFT��mm�'Äuã��m�8�z��mm����õ, ��õê�¹�±�^Õá�M�¢y. 3

DSP þé FFT �{?1A½�`z[13], ��\�-U3���-±Ï5S�¤, ù�ÄuªÇ�8�z��ÅÝØCþ�{3�mm�þǑØ¬éÙ¢�5kKǑ.

3 ¢�9(JǑ
u�U?�ÅÝØCþ�{�5U±9§3ã�£O¥�k�5, ·�©O?1
ÝØCþéã�L«�£ã�¢�±9é�«a.��qã¡?1£O�¢�. ¢��^�ã¡�)Àg
Purdue �Æ� AR <òã¥[14] �Ú��E,�Ý<òã�±9{ü����ÏI� (Xã 1 Úã 2¤«), ã�º�Ñ�u 256× 256 ��. �©�ý��¸´�^Matlab R2007, 3CPUǑ×¶ I 1.4 G,S�Ǒ 512 M �>Mþ?1�.
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ã 1 AR <òã�¥¥Ü©<òã�
Fig. 1 Some facial images from AR database

ã 2 ���ÏI�ã�
Fig. 2 Binary images of traffic signs

3.1 U?�ÅÝØCþéã��L«�£ãUå31��¢�¥, ·�^ü«U?��ÅÝØCþ�{�DÚ�vkKÜ Mallat �ng B �^�ÅÝ±9²;� Hu Ý?1ã�L«�£ã��m±9Ø�?1
é'. ·�^Ó�Ì<òã��ØÓ��!ØÓ^=ÆÝ±9O\ØÓD(� 24 Ìã� (Xã 3 ¤«) ?1o«ÝØCþ�J�§¿é
50 Ì<òì¡ 24 �G�ÚAÆ�Ø�?1²þ.du�«Ý�ê�Ñé�, Ǒ
Bu*	, ·�é�«ØCþÑÚ��
XeC�: F̃ = |lg |F ||. ÏǑ�Ìã�� Hu Ý�k 7 �ÝAÆþ, 
�Ìã���ÅÝØCþ��ê¬�ã���!�Å©)�ê�O\
O\. Ǒ
� Hu Ý?1é', ·�é�ÅÝǑ��Ù¥� 7 �AÆþ. 3�«ÝØCþéã�L«�£ãUå�µ½¥, ·�æ^
IOØ(½Ý� A aµ½[15]. �ªµ½(J�^IOØ(½Ý A aµ½¥�Ø(½Ý�þ��'�, XL 1¤«.L 1 �«ÝØCþéã��L«�£ã�5UL

Table 1 Performance of representation and

description on images with different moment invariantsÝa. Hu Ý DÚ 3 g �m� ªÇ�
B �^�ÅÝ �ÅÝ �ÅÝ©þ 1 0.01820 0.00036 0.00040 0.00067©þ 2 0.07408 0.00045 0.00049 0.00068©þ 3 0.07919 0.00049 0.00054 0.00071©þ 4 0.01436 0.00128 0.00140 0.00077©þ 5 0.02985 0.00106 0.00149 0.00093©þ 6 0.01865 0.00202 0.00210 0.00117©þ 7 0.04776 0.00271 0.00275 0.00264oÑ� (�) 0.38690 30.90594∗ 1.40087 3.71194

* DÚ 3 g B �^�ÅÝ�O� 11 �©þ, 
U?�ÅÝO�
¤k��ÅC�©þ

ã 3 Ó�<ò�ØÓG��ã�
Fig. 3 A facial image in different statusl¢�(J·��±wÑ: U?�{��ÅÝØCþ�DÚ��ÅÝØCþ�{�'�k���5U��, 
��\¯
$��Ý©
�²; Hu Ý�', U?�{��ÅÝØCþ£ãã�AÆ�5U�ÌJp, ��m��. �±`U?�{��ÅÝØCþ3¢SA^¥´3DÚ�ÅÝ� Hu Ý��m�5Uþé�
��²ï:.

3.2 U?��ÅÝØCþéã��£OUå31��¢�¥·�é 35 a�ÏI�ã (ã
2), zaãk 12 ��D(G�±9�éA�\D(G�, � 840 Ì��ÏI�ã?1
£O¢�. ¿é 600 ÌØ\D(�� 600 Ì\D(�� 50 a<òã¡��Ýã�?1
O�Å£O�¢� (zÌ<ò��«G�Xã 3 ¤«). 3?1AÆJ�!©a�
·�^�Å��4��?1
ý?n, 3AÆþJ����^ BP  ²�ä[16] ?1©a£O.��� Hu Ý?1é', (JXL 2 Úã 3 ¤«.L 2 n«ÝØCþ^u���ÏI�ã��©a£OÇ

Table 2 The classification rates of three moment

invariants for binary images of traffic signs�{ Ôö��ê ÿÁ��ê £OÇ (�D) £OÇ (\D)

Hu Ý 280 560 84.8% é��m��ÅÝ 280 560 98.2% 94.1 %ªÇ��ÅÝ 280 560 97.7% 95.0 %L 3 n«ÝØCþ^u�Ý<òã��©a£OÇ
Table 3 The classification rates of three moment

invariants for gray facial images�{ Ôö��ê ÿÁ��ê £OÇ (�D) £OÇ (\D)

Hu Ý 400 800 82.7% é��m��ÅÝ 400 800 97.1% 93.6 %ªÇ��ÅÝ 400 800 96.6% 94.3 %(JL²: lU?�{��ÅÝØCþJ�ã�AÆ^u©a��(Ç���L²; Hu Ý, ¿�ÄuªÇ�8�z��ÅÝØCþ�{'Äu�m�8�z��ÅÝØCþ�{äk�r�|DUå.

4 o(�©3�{þéDÚ��ÅÝ?1
U?, ©
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 Mal-
lat ¯��{��ÅÝØCþ�AÆJ��{, ¿A^u<òã�Ú�ÏI�ã��£O. ¢�L², U?��ÅÝ�{3A�Ø��5U�^�e��\¯
�ÅÝØCþ�O��Ý. ¿�Äuã�ªÇ��8�z��ÅÝØCþk���|DUå.·�3¢�¥Ǒuy, �Åa.�À�±9©aì�O���¬��KǑ£O��(Ç, ùI�3±��¢�¥?�Ú�õ.
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