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Abstract

In this project, discrete wavelet transform(
DWT) and optimization algorithms are adopt-
ed to extract the image-edge-related informa-
tion. A two-stage image edge detection is pro-
posed. In the first stage, DWT and optimization
algorithms are applied synchronously to obtain
the weighting vectors. After the weighting vec-
tors are obtained, only is DWT used to accel-
erate the speed of PCB-image-edge-detection
processes.
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3.1.1 ¥º��

ÄÅ�2��ÆÇÈ (support)É��W
��φ(t)T�P9‖φ(t)‖ = 1';

‖φ(2jt− k)‖2 =
∫ ∞
−∞
|φ(2jt− k)|2 =

1
2j

(1)
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f=‖φ(2jt− k)‖ =
√

1
2j';

{
√

(2j)φ(2jt− k)|j, k,∈ Z} (2)
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Vj = span{
√

2jφ(2jt− k)|j, k ∈ Z} (3)

ÍÎÏVj, j = ZÐ�2ÑU¼fÒÉÓ»
ÔÕA��

Vj ⊂ Vj−1�
∞⋃

j=−∞
denseL2(R) (4)
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φ(t) =
∞∑

k=−∞
ck
√

2φ(2t− k) (5)

Z Tck ∈ R, k ∈ Z'�Ø (5),�¥º
X, (scaling equation)F {ck}�¥ºÙ� (s-
caling coefficient)Fφ(t)�¥º�� (scaling
function)'
®ÚT�)HIÛÜÖoÝPÞß∫ ∞

−∞
φ(t)dt = 1 (6)
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�	�� (wavelet function)Tψ(t)'Í��
ψ(t)½�%®2�67��Wj

¢£‖ψ(t)‖ = 1T;

‖ψ(2jt− k)‖2 =
∫ ∞
−∞
|ψ(2jt− k)|2dt =

1
2j
(7)

�á^2âã�äÃ�=o�

{
√

2jψ(2jt− k)|j, k ∈ Z} (8)

�Ê;Ë�'f=ßå

Wj = span{
√

2jψ(2jt− k)|j, k ∈ Z} (9)
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Vj = Vj+2
⊕
Vj+1 (10)

æ^� (4),�BÙTno

Vj = · · ·W−1
⊕
W0

⊕
W1

⊕
· · ·

⊕
Wj−1

(11)
æ^�∫∞−∞ ψ(t)dt = 0Tf=1 ⊥ Wj'
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îïÔÕA�� �:ð��f(t, τ)'
�f(t, τ)NOfP-.� PCB'ÍÄÅ
fPGH� PCB������=ñò
V = [vmn]óÒ�Zô��N ×N'
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��Harr��—��Vó,�∑
m

∑
n

vj,mnφ(t, τ) =
∑
m

∑
n

〈f(t, τ), φj,mn(t, τ)〉φj,mn(t, τ)

(12)
Z Tφj,mn(t, τ) = 2jφ(2jt−m)φ(2jt−n)T
0 ≤ m,n ≤ 2j−1'f=��������
��2���ÆÔÕA��TVjT�'
�)÷,×ø¯�TÌN = 2j'ù
úVj=ûWj�ßå�ü

N−1∑
m=0

N−1∑
n=0

vj,mnφ(t, τ) =

N−1∑
m=0

uj,mnφj,mn(t, τ)+
N−1∑
m=0

N−1∑
n=0

wj,mnψj,mn(t, τ)
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uj,pq = 2j−1
N−1∑
m=0

N−1∑
n=0

vj,mn〈φj,mn(t, τ), φj,pq(t, τ)〉

(13)
Z 0 ≤ p, q ≤ N

2 − 1'f=�=×o

un =
vj,2m,2n + vj,2m+1,2n+1

2

þHT�=o�

wn =
vj,2m,2n − vj,2m+1,2n+1
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WVWT =
[

cA1 cV1

cH1 cD1

]
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W =



1 1
1 1

. . .
1 1

1 −1
1 −1

. . .
1 −1


N×N
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DWT{V} = WVWT

[
cA1 cV1

cH1 cD1

]

æ ^ �W� Ê ; ñ ò (orthonormal ma-
trix)Tf=bfW−1 = WT '�ßå���
�	
��

IDWT

[
cA1 cV1

cH1 cD1

]
=

WT

[
cA1 cV1

cH1 cD1

]
W = V
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k =
[
k0 k1 k2 k3

]T
Z k0, k1, k2, k3Y���'���4»6
7����	
�É��Ù�T�=o�[

k0cA1 k1cV1

k2cH1 k3cD1

]
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IDWT

[
k0cA1 k1cV1

k2cH1 k3cD1

]
= B(k)

f=�o�M²�� (objective func-
tion)TyNO²³!"�����DWT
fo�É!"�����
�

e(k) =
1
N2

N−1∑
m=0

N−1∑
n=0

(amn − bmn)2

��M²����Æ��'��õ�
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7k'
�)>?��@AT���� W�
���A� (gradient method)�2ð���
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���k� ���¯6 (descent direc-
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