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Abstract: The detection of filling quality for pharmaceutical is an important element in pharmaceutical process, which
guarantees the medication security. According to the detection demand of visible foreign substances for glass bottle medical
infusion, a high-speed automated foreign substance detection system based on the machine vision consisting of multi-types
image acquisition devices is developed. Firstly, a high-speed high reliability preprocessing method for medical infusion
images is proposed to eliminate the disturbance caused by mechanical vibration and tracking. Then, an improved fuzzy
cellular neural network (IFCNN) is developed for image segmentation to effectively solve the problem of edge detection,
which reveals the mechanism of foreign substances, particles as well as liquid bubbles, comprehensively analyzes the mor-
phological boundary of the target operating characteristics, and obtains various characteristics and the dynamic change
information in image sequences. Finally, the classification approaches of support-vector-machine (SVM) and AdaBoost-
ing, based on image sequences target characteristics, is employed to recognize multiple tiny insoluble foreign substances.
Experimental results indicate that the developed approach is efficient and increases the recognition rate, which is of great
significance to the development of engineering equipment.

Key words: medical infusion; visual detection; improved fuzzy cellular neural network; foreign substances classify and
recognition
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8c,·I��è�du"y�'�@EâÚ)
�¤��Ä,�Ü©Ñvk3´C�N�¬)��¥
Ú?½ïágÄz��uÿC�XÚ,Ä�þÑ´
æ^<ó�u��{,�¦ó�<
3V¿¥?1,
��{ü�uÿ��,ÏL8Àuÿ��¥���É
Ô,ù«�{u��Ýú!ö��¡!��5�,�N
´é�¬E¤2gÀ/,l�³��S�. ÄuÅ
ìÀú��¬uÿÅì<U
¢y�¬3�!p

�!p°Ý�gÄzuÿ. ISþA^ÀúEâmu
��gÄ�uÅk�ISeidenader[4]Ú¿�|Brevetti
C.E.A[5]ü[úi,·I3/C���¬Àúuÿ�
�ïÄmu�¡��á�uI	u�I[,ISég
Äuÿ���ïÄåÚ��. ÜS´/2>!þ°7
B�!�H�¥��Å���[�?1LTauÿ�

��)�ï�.,,duÅ�!��!Àú?n�{
�'�Eâ´¶���,uÿ�JØn�.,	,I	
��d�[B��IS)���@��3�
¯K

��uÿ�ÇØU��ýÏ�J.

�¬ã�8Iuÿ´�lã�S�¥Ïé¿J�

Ñ8I�L§,Ù¥,Äuõvã�?18IuÿÉ
�
IS	ïÄ<
�'5[6]. õvuÿ©�kuÿ
��l�{(detect before track, DBT)Úk�l�u
ÿ�{(track before detect, TBD)ü�a. DBT�{Ä
kÏL$Ä8I��
A5,3üv¥ò�¦8Iu
ÿÑ5,3dÄ:þéÙ?1�l,¿3�l�L§
¥éuÿÑ�8I?1(@,üÑJb8I,�3ý
¢8I,�dÓ���$Ä8I�°($Ä&E.
DBT�{O�L§'�{ü,�nN´n),¢�5
r,Ïd'�·Ü��ÉÔ�¢�uÿ£O.

DBT�{d8IJ��8I(@ü�¡|¤,�
¦8I©��ûu�{é8I9�µ�«©Uå,
ù�6u8I��µA5�¡�k��£. 3üvã
�¥©�ÑÿÀ8I�,|^õvS�ã�5(½ý
¢�8I,~^�8I©��{kOtsuã�©�
{!Ó+uÿÚ©?ã�©�! �©�§©�{!

Äuã�ÛÜ��©�{. S. Schulter�<[6]JÑ


�«°(�éÜ©a-£8�ÅÜ�8Iuÿ�{,æ
^ù«�{3��wÄI�¥°(/ýÿ8IVÇ,
Ó�æ^üÕ�.£8�ÔN�°',8Iuÿ°Ý
p. A.Pablo�<[7]JÑ
Ó+uÿ�©�ã�©��

{,Ó+uÿì3Ìàa�{�Ä:þ,éÜõ�Û
Ü�¢Ú�Û�ä,©�ã�©��{´dÏ^Åò
Ó+uÿì�(J=C��gä¢y�. ù«�{ò
ã�©�©)�Ó+uÿ,¢�L²,Ó+uÿ�©
��{wÍ`u¿��{. A. Sironi�<[8]ïÄ
Ä

uºÝ�målC�ÆS�õºÝ¥%�uÿ�{,
æ^ù«�{�±°(/J���Ún�áNã�

�¥%�Ú+G(��'~. 2008c,4f�<[9]

JÑÄu���¦|±�þÅ (least squares support
vector machine, LS–SVM)�Ñ�ÉÔuÿ�{,J�
ã�¥8IÚí3D(�äkûÐØC5�A�,Ï
LLS–SVM©aì¢yvm:,���'é,uÿ�
{��
�Ð��J,�§�|^
ÉÔ��'A5
é�¬�¬Úg¬?1«O©a,ØUé��¥�É
Ô£O.ù
uÿÚ©��{A^u���fÉÔu
ÿ��õ5UØZ.�d,�©ïÄ�éÉÔ��!«
aõ�!Ã�½/GÚ«nA�!ó�y|D(Z6

��^�e�ÉÔ8Iuÿ£O�{.

3ïÄ����ÉÔÀúuÿ�{�¡��Eâ

JK:��)����¬¢�uÿäkp�p°Ý�
�¦!�N�¬ÉÔã�  äkõÉaA5!É

�õ«ó�y|D(�Z6!ÉÔ"�ã�é'Ý

$!Uþ�!�fÉÔ8Iuÿ£O©aJÝ�,�J
pÀúuÿ�O(5,ü$XÚØ�Ç,7LïÄk
���N$ÄÉÔ8Iuÿ£O�{[10].

2 XXXÚÚÚeee���(System configuration)
�8|¤
éÜ�HZì��pàC�è�,m

Ð
ISÄ�p��Ñ�3��UÀúuÿÅì<

�ï�ó�,JÑ
�[<óuÿÄ�,Å�Ã8�
���Ñ� /́Y±–p�^=–:Ê-{:�lû
�0�Àúuÿ�n,ò´f¥���ÉÔ¿©�Ä
å5,3��õ´Ün1Æ¤�XÚ�,�Åû��
�ÉÔl%^=�S�ã�,ÏL?nS�ã�uÿ
£OÑÉÔ8I[11]. 3ÀúM�XÚ¥,æ^6�p
©EÇ�Å�½SC3�l{:þ,�ï
õ�Å^
=ªã�¼��ª,mu
ÄuõPCÅ¿1?n�©
Ùª��(�,�O
XÚ¥�^=–:Ê–�lû�
����S!õã©«��´�m��!±9�l{

:$Ä���. 3ã�æ8�?nfXÚ,l�Åº
ÞÀ.�1ÆXÚ�O,²L�E¢�,¢y
3p
�$Ä¥¼��ß��¬ã�,÷v�5�p���
�¬p°Ý¤�I¦,Xã1–2¤«.

ã 1 250 ml�Ñ���ÉÔÀúuÿÅì<�Å�(�ã
Fig. 1 Mechanical system structure for 250 ml medical

infusion foreign substance inspector
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ã 2 250 ml�Ñ���ÉÔÀúuÿÅì<�n�(�ã
Fig. 2 Three-dimensional structure diagram for 250 ml

medical infusion foreign substance inspector

�âþã�uÿ�n,�O
250 ml���Ñ�
uÿXÚ,Xã2¤«,ÀúuÿÅì<ó�6§:
1)�¬�\: �¤/Cµ����Ñ��¬,d)�
�Dx�²Ñ\�x\uÿC�SÜ; 2)�´p�^
=: �´Ó��Ä24�Ø´Å���±$Ä,3ù�
L§¥,�Ñ��¬¥���p�^=; 3)á��Ä
=�´Ê�^=: 3	Üá��ÄÅ���^e,�
Ñ��´Ê�^=,¿�=ÏL��Ó�?\24Þu
ÿÓ�; 4)ã�uÿ: ��¬²LxÚÉÔuÿó 
�,.ÜLED1:�, 1–2Òuÿ�Å©Oé�´û
ì,�ÅÚ1�l�´ÓÚ$Ä,�¼��I��
ã��, 1–2Òuÿ�Å���$Ä�l�e5�u
ÿ�¬,Ón3–6Ò�ÅÚ�ÜLED1uÿ�¬¥
�çÚ��ÉÔ,¼���Ñ�ã�Xã3¤«; 5)�

¬�Ñ�g¬©y: �âã�uÿ?n(J,��X
Ú>u©yC�Ä�,¢yg¬GØ.

ã 3 ¼��250 ml���Ñ�ã�

Fig. 3 250ml medical infusion of image

2010�I[�;5½�¦ÉÔuÿ©EÇ��
50 µm±e,d��â¥y3ã�¥�kA�½�A
���,Xã3¤«,lþ¡�ã�uÿC�5w,¼
��üvã�¥ÉÔ"y(�&EÚ²wA�,=l
�Ý5w,éJòÙ�D((1)!Z6(´�ÉÔÚ
2H)«©m5,Ïd7LïÄA½�M�ÉÔuÿ�
{. ÏL©Û��,M�¥�$ÄÉÔäk2�²wA
�: Ù$Ä;,3�m¶þ´ëY�!ÉÔã���
Ý��µäk�½�É,�d�©æ^�mS�ã�
?n�{,�{�Ä�6§Xã4¤«.

ã4 ��ÉÔuÿ�{6§ã

Fig 4 Flow chart of image processing algorithm for detecting solution substance

3 ������SSS������ÉÉÉÔÔÔuuuÿÿÿ£££OOO���{{{(Foreign sub-
stance detecting and identification algorithm)

3.1 ããã���ýýý???nnn(Image preprocessing)
�uÿ��$1�,SC3^={:þ�ó�

�Å�l�´�ÓÚ$Ä,du3Å�þØU�y
�Å��´�$Ä��Ã�é £,Ï�¼��ë
Yõvã�,  ¬Ñyþe½�m �,XJé
ù
õvã���uÿ´Ä¹kÉÔ½,�,¬Ñ
y�p�ØuÇÚuÿ(J�Ø(½5. Ïd,Ø
©ïÄ
��ã��p�p��5ý?n�{,Ï
Lé��vã�?1ã�¯��O�¤ã���?

n[12],ò�Ä� �ã�££��µU��m 

�þ,2?1vm�©,l�Ø�µZ6. ã��
O�{�6§: -f1(x, y)L«¼�S�ã�¥�
11vã�, f2(x, y)L«S�ã�¥�12v. f1Ú

f2�¯��Oæ^¯�Fp�C�.

3Fp�æ��?ã����,�±ò�ã�
¥��Ì?1²£,¦üÌã�3�m �þÜ.
�
¢yéã�?1æ��?�²£,�©ÄuF
p�C��²£A5,|^O���� £þ(∆x,

∆y),Uì^eªéÑ\ã�I?1²w���²£

�.

Ir = REC(f, ∆x,∆y) =

F−1[ej2π(
u(−∆x)

N
+

v(−∆y)
M

)F (u, v)], (1)
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Ù¥: F (u, v)�Ñ\ã�f�Fp�C�, F−1(·)L
«Fp�_C�, frL«²£��ÑÑã�,
REC(·)�ÄuFp�C��ã�²£�¼ê�
{zL«. �Ñ�ã�S�ã����,du¼�
�S�ã��3� �´dÅ�>íXÚ��lØ

�ÚËÄÚå�,ã� ���,��ÄE¤
ã
�¥�1�D(,Ïdæ^Äuª����{. T
�{éD(kép�N=§Ý,Ó�uÿ(J�ì
ÝÃ',´Äuã���NA�?1��,O�°
Ýp,éã�ÛÜCzØ¯a,éD(k�½�°
�5.

3.2 888IIIuuuÿÿÿ(Target detection)
3ã�©�c,é13.1!ý?n��S�õv

ã�JÑ$Ä8I[13],|^$ÄÉÔ3S�ã�þ
u) ��Cz,læ^vm�©��{J�$
Ä8I[14]. 3�©�ò�cv�S�ã��11v
?1�©,ù«�{éuuÿ$Ä�ú�$Ä8I
�JéÐ.3vm�©{�O�L§�L«�

d(x, y, k) = |f(x, y, k)− f(x, y, 1)|, (2)

Ù¥: d(x, y, k)L«�©(Jã�3:(x, y)?��
Ý�, f(x, y, k)L«ã�þ?¿:(x, y)3kv��

Ý�,f(x, y, 1)L«ã�þ?¿:(x, y)311v�
�Ý�, k�ã�S��vê, k = 2, 3, · · · , 6,�Ø
©�6v. ²Lþã�O��,��S��©ã�,
�Xéù
S�ã�\\¦Ú.

�éDÚ[� ²�ä�©�O(Ç$�¯

K[15],æ^U?.�
[� ²�ä(improved
fuzzy cellular neural network, IFCNN)(�,ÏL¢
�ÿÁ,§Uk�/�ÑDÚ[� ²�äÃ{)
û�>�uÑ¯K,¦�ÉÔ©�ã�U�Ð/�
Cý¢ã�.

lG��§þw, IFCNN¥[�òO\A�Ñ
\,ù
��O\k|uã�?n��Ð/¦>�
��:��z,¦©���ã�U
��C�ã.
éu±�[��G�é¥%[��K�,)ö3
IFCNN¥^���¡��
G�(fuzzy status)Ñ\
5�N,l��e¡#��.�§,ÙÑ\ÑÑ
ÚG��§�Xe[16–17]:

Ñ\�§:

uij = Eij , 1 6 i 6 M, 1 6 j 6 N. (3)

ÑÑ�§:

yi,j = f(xij) =
1
2
(|xi,j + 1| − |xi,j − 1|). (4)

G��§:

C
dxij

dt
= − 1

Rx
xij +

∑
ckl∈Nr(i,j)

A(i, j; k, l)ykl +

∑
ckl∈Nr(i,j)

B(i, j; k, l)ukl + Iij +

∼∧
ckl∈Nr(i,j)

(Af min(i, j; k, l) + ykl) +

∼∨
ckl∈Nr(i,j)

(Af max(i, j; k, l) + ykl) +

∼∧
ckl∈Nr(i,j)

(Bf min(i, j; k, l) + ukl) +

∼∨
ckl∈Nr(i,j)

(Bf max(i, j; k, l) + ukl) +

∼∧
ckl∈Nr(i,j)

(Ff min(i, j; k, l) + xkl) +

∼∨
ckl∈Nr(i,j)

(Ff max(i, j; k, l) + xkl). (5)

�å^�:

|xij(0)| 6 1, 1 6 i 6 M, 1 6 j 6 N. (6)

XÚ�é¡^�:



A(i, j; k, l) = A(k, l; i, j)
Af min(i, j; k, l) = Af min(k, l; i, j),
Af max(i, j; k, l) = Af max(k, l; i, j),
Ff min(i, j; k, l) = Ff min(k, l; i, j),
Ff max(i, j; k, l) = Ff max(k, l; i, j),
1 6 i 6 M, 1 6 j 6 N.

(7)

ª(3)–(7)¥�Cþ¹ÂXe: uklL«��[

�c(k, l)�Ñ\, yklL«��[�c(k, l)�ÑÑ, xkl

L«[��c�G�. A(i, j; k, l)L«c(k, l)�ÑÑ
ykl�[�c(i, j)m�é��Ý
. B(i, j; k, l)L«
c(k, l)�Ñ\ukl�[�c(i, j)�m�é��Ý
.
3é[� ²�äÚ\��5$�min/max�,
Af max(i, j; k, l)ÚAf min(i, j; k, l)L« c(k, l)�Ñ
Ñ ykl�[� c(i, j)�m��
�"é��Ý
.
Bf max(i, j; k, l)ÚBf min(i, j; k, l)L« c(k, l)�Ñ
\ukl�[� c(i, j)�m��
c"é��Ý
.
Ff max(i, j; k, l)ÚFf min(i, j; k, l)L«c(k, l)�G�
�c(i, j)��
é��Ý
. d��A(i, j; k, l)|¤
�Ý
A!��B(i, j; k, l)|¤�Ý
B±9

dAf max(i, j; k, l), Af min(i, j; k, l), Bf max(i, j; k, l),
Bf min(i, j; k, l), Ff max(i, j; k, l), Ff min(i, j; k, l)|
¤�Ý
�IFCNN��ëê,§�Ñ´d(2r + 1)2

���|¤�,z� ²�[����[��é
�Ñdù
��¥���¤û½. ã5´��ü�
\5IFCNNã,ÿÀ(���»r = 1�Ý/��.
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ã 5 U?[� ²�ä(IFCNN)(�«¿ã
Fig. 5 Structure chart of improved fuzzy cellular

neural network

3¦^IFCNN?1ã�?n�,§�5���
?nã��5���,XJ�?nã�¥¹kM ×
N���:,K�ï�IFCNNÒA�¹M ×N�[

� ²�,¿�[����éA.3¦^IFCNN?
1ã�?n�,�ä¥�[� ²��G�Uì
ª(5)S�UC,���äÂñ. ��{Ò´ò��
ã�¼ê=z���Ä�XÚ,Ä��§K¦ 
²�G��IFCNN½Â�Uþ�$���ªC.d
uIFCNN�Ä
[�G��Ï�,���(½²�
ëê�ØB,3��À�þk����m,ù�´
�Äæ^IFCNN��Ï��.

'u�
[� ²�ä©��{¥���ëê,
ØÜ·�ëê��¬E¤ØÓ�©��J.e¡,
)ö^Á���{�y��ëê,�½��ëê,
é��ã�?1?n,*ÿÙ?n(J,Xã6¤«.
��ëêXe.

(a) �ã

(b) ��A(Lu)ä)

(c) ��B(Lu@¡)

(d) ��C

ã 6 IFCNN�ÉÔã�?n(J
Fig 6 Foreign substances image processing results of IFCNN

'uëê���ÀJ,)öÿÁ
3|��ëê,
¿�Ñ
ù
��ëêe�¢�(J,ëê���
ÀJ´ïá3�þÁ��Ä:þ.

1) A|��ëê:

Rx = 1, I = 0, u = X, y = Y, x0Ã½Â,

A =




1 1 1
1 2 1
1 1 1


 , B =




0 0 0
0 0 0
0 0 0


 ,

Af min =




1
9

1
9

1
9

1
9

2
9

1
9

1
9

1
9

1
9




, Af max =




0 0 0
0 0 0
0 0 0


 ,

Bf min =




1
9

1
9

1
9

1
9

1
9

1
9

1
9

1
9

1
9




, Bf max =




0 0 0
0 0 0
0 0 0


 ,

Ff min =




1 2 1
2 1 1
1 1 1


 , Ff max =




1 −1 1
−1 1 1
1 1 1


 .

2) B|��ëê:

Rx = 1, I = 0, u = X, y = Y, x0Ã½Â,

A =




1
9

1
9

1
9

1
9
−3

9
1
9

1
9

1
9

1
9




, B =



−1 1 1
1 −2 2
1 2 −1


 ,

Af min =




1 −2 1
−2 1 1
1 1 1


 , Af max =




1 −2 0
−2 1 1
1 1 1


 ,

Bf min =




1 0 0
0 1 0
0 0 1


 , Bf max =




1
9

1
9

1
9

1
9

1
9

1
9

1
9

1
9

1
9




,
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Ff min =




1
9

1
9

1
9

1
9

2
9

1
9

1
9

1
9

5
9




, Ff max =




1 −1 1
−1 1 1
1 1 1


 .

3) C|��ëê:

Rx = 1, I = 0, u = X, y = Y, x0Ã½Â,

A =




1
9

1
9

1
9

1
9

1
9

1
9

1
9

1
9

1
9




, B =




0 0 0
0 0 0
0 0 0


 ,

Af min =




1
9

1
9

1
9

1
9

2
9

1
9

1
9

1
9

1
9




, Af max =




1
9

1
9

1
9

1
9

0
1
9

1
9

1
9

1
9




,

Bf min =




1
9

1
9

1
9

1
9

2
9

1
9

1
9

1
9

1
9




, Bf max =




0 0 0
0 0 0
0 0 0


 ,

Ff min =




1
9

1
9

1
9

1
9

2
9

1
9

1
9

1
9

5
9




, Ff max =




1
9

1
9

1
9

1
9

2
9

1
9

1
9

1
9

3
9




.

l¢�(Jã6�±wÑ,|^��ëêA��
�©�ãLu)ä,ØUéÐ/éAX�5ã�¥
�ÉÔ>�. |^��ëêB���©�ãLu@
¡,²LõgÁ�,ÀJ��ëêCUéÐ/¢yã
�ÉÔ�Cq�{©�.

3¢�¥,¦^IFCNN?1ÉÔuÿ�,À^�
�ëêC,3¦^IFCNN?1ÉÔuÿ�,3é'þ
ã��ëê�,�ªÀ^��ëêC.�
¦¢�(
Jäk�'5,ùü«�{Ñæ^10ÚS�L§.
ã6�Ñ
é4«¹kØÓa.ÉÔa.��¬ã
�?1uÿ�(Jã. ã7�Ñ
ü|�1ó �
ã�©�¢�(J,©ÛIFCNN?n��ã�(J,
é'²IFCNNÚCNN?n��(J,§Uk�/�
Ñyk�{Ã{)û�>�uÑ¯K,Ù>��\
�Cý¢ÉÔ>�,���ÉÔ�\��,é'Ø
�1�Z6�¡,�²w`uDÚ�©��{,�
U
³�©�LÝ,Jp
©��O(Ý.'u�
�ëêÀJ¥XÛ�Æ/O�ëêù�´Ø©e�

ÚïÄ�:.

(a) 11vã� (b) 16vã� (c) �©ã�1 (d) �©ã�\\

(e) CNNã�©�1 (f) IFCNNã�©�1 (g) 8IJ�IP1 (h) IFCNNã�©�2 (i) 8IJ�IP2

ã 7 ü|�1ó �ã�©�¢�

Fig 7 Two groups image segmentation experiment of back illumination location

3.3 888III£££OOO(Target recognition)
é©���¦q8I?1A�J�,�é¦q

8IJ�±eAaA�: HuÝ(M1–M7,�7�),�

ÝA�ëê(�Ý²þ�f̄ ,�Ý��σ2, �Xê
fs,¸�Xêfk,Uþfp,�fE,«��Ýþ�Úã
�þ���Dmean,8�z�=Ä.þJobj�8�),
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/GA�ëê(«�¡ÈA,±�DL,q�ÝC,	
�Ý
��ÝLLength,	�Ý
�°�'�DW/L,
«�>.�«�/%�ål���Vvar�6�) �
A�ëê(«�%�îp�Ix, y�2�),oO23
�A�ëê.

Äk,�â8I�A�ëê9$Ä���ä8
I´Ä�ÉÔ,�ä�{Xe: a)duã�¥¦q
��ÉÔ´�e$Ä�,¤±Ù/%p�IAT´
�gC��,±�þ���I�:; b)í�´�þ
$Ä�,$Ä���ÉÔ��; c)ÉÔ/¤�;,
�´1w�,D(/¤�;,´ÃS�. Ïd,X
Juÿ�$Ä;,�/%p�I�gC�,`²T

;,dí��);XJuÿ�$Ä;,²w�/%
p�I�gC��;,,`²kÉÔ�3,�ä�
c�N�¬ØÜ�.

�X2éÉÔ¦^©aì?1£O©a[18–21],
du��ÉÔêâ���!��5!Ø²ï�A:,
�
)û3ÉÔ©a£O¥�¬!4ag¬��a
OØ²ïÆS��©a£O°Ý,À^AdaBoost-
SVM©a�{[19],�±k�Jp3Ø²ïêâ8
þ�©a5U,T�{��OlAdaBoost�f©a
ì�Ä,¦^SVMú?AdaBoost�f©aì,é¼
��8IA�¦^T�{?1©a?n,¤ãÉÔ
8I©a£O�äNÚ½Xã8¤«.

ã8 ÄuSVM�AdaBoosting�©a�{Ôö6§ã

Fig 8 Flow chart of AdaBoosting based SVM classification algorithm

1) Ñ\: ®��|kIP�Ôö��8

S = ((x1, y1), · · · , (xN , yN )),

Ù¥: xi ∈ X, yi ∈ Y = {1,−1},S�gêT ,fÆ
Sì�RBFSVM;

2) Ð©z: Ð©z����éA���:

D1(i) =
1
N

, i = 1, 2, · · · , N ;

3) ForS�gêt = 1, 2, · · · , T .

a) Äu�©ÙDt(i)3s¥æ���ÔöfÆ

SìCt�Ôö��8st;

b) O�st�IO�σ : sqrt(mean(var(st)));
c) ±dt�Ôö��8, σ�ëê,ÔöfÆSì

Ct��ht,Ù¥Ct´±σ�ëê�RBFSVM;

d) O�fÆSìht�Ø�Ç:

εt : εt =
n∑

i=1
Dt(i), [ht(xi) 6= yi],

=εt��u�©�����wt�Ú;

e) ��f©aìht���: at =
1
2

ln(
1− εt

εt
);
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f) �#Ôö�����

Dt+1(i) =
Dt(i) exp(−atyiht(xi))

Zt
=

Dt(i)
Zt

×
{

e−at , ht(xi) = yi,

eat , ht(xi) 6= yi,

i = 1, 2, · · · , N,

Ù¥

Zt =
∑
i

Dt(i) exp(−atyiht(xi))

�8�z�f,¦�
n∑

i=1
Dt(i) = 1;

4) Ì�(å,ÑÑ�ªb�:

H(x) = sgn(hf (x)), � hf (x) =
T∑

t=1
atht(x).

é©���ÉÔã�¦^©aì£O,ÏL©
aì¯kÔö����ª�äÑ�cÉÔa.,É
Ô©aÑÑ©OéAk: fu!¤2Ô!À�!í
�4a. �â©a(J¥¤P¹�ÉÔ«aÚº�
��´Ä�Ñ5½���,�äTÉÔ´Ä���
ÉÔ,�ªuÿM����±�âg¬a.ò�¬
ÑÑ3ØÓ�g¬ø¥.

�
�y�©JÑ�©a�{�k�5,À�
¯k¼��õ�êâ8?1ÿÁ.éCσ-AdaBoost
RBFSVM�5U��½σ-AdaBoost RBFSVM(^
�½ëêσ�RBFSVM��AdaBoost�f©a
ì)!RBFSVM!AdaBoost�5U?1'�. �S�
g êT�100,� ½σ-AdaBoost RBFSVM�σ = 5,
¨vëêC = 10.

L1�(J`²,3©a°Ý�¡Cσ−AdaBoo-
st RBFSVM�¡²w`uÙ¦�{,Ó�ÙÔö�
m�ÚÙ¦�{Ä��C,3�$1���Ý÷v
¢�)���I¦.

L 1 ØÓ©aì�5U'�
Table 1 The performance comparison of different

classifiers

©a Ôö ©a �Y

�{ �m / s O(Ç
(σ, C)

a.

AdaBoosting 0.82 83.15% ) �éõ

SVM 1.24 84.38% (0.5,10) �éõ
�½σ-AdaBoost 1.57 88.75% (0.5,10) �éõ
Cσ-AdaBoost 1.63 92.90% ) �éõ

4 ¢¢¢������°°°ÝÝÝ©©©ÛÛÛ(Experiments and accuracy
analysis)
�â2005c�5¥I�;6�ÜN¹6H¥é

�J¥/��ÉÔu�{0k'5½,�é��¥
â»�u50µm���ÉÔ?1uÿ£O.�©æ
^CPU Pentium4(2.8 GHz)!S�1 G�ó�>M,
©EÇ�200����CCDã�Daì, 16 mm
computaró�ºÞ,:1Jø�¬.Üì²,uÿ
Åì<XÚ¢ÔXã9¤«. 3XÚ5U�ÿÁL
§¥,ÏLISÏ^ÿÁ�{(Knapp-Kushner)é�
©�O���ÉÔuÿXÚÚ�{�k�5?1�

y,T�{´ÏL3)�^�e,ÿÁykuÿX
Ú�k�5,��¬²LÿÁÚÀJ�æ^�çÀ
Ãã?1'�.

ã9 �Ñ�ÀúuÿÅì<

Fig 9 Medical infusion foreign substance inspector
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�
�yXÚuÿ°Ý,ò�©mu�XÚÚ
Ùö<óuÿ°Ýé',�IS,��)��
250 mlÀæ´C10%Ä:0Ú0.9%Åz?���ÿ
Áé�,éz«�¬�4�1g,z�1g�500´
��,gÄzuÿ±9000´/h�uÿ�Ý,<óuÿ
�â�I¢�uÿ,ÿÁXÚ�ØuÇÚ¦uÇ,
¿�<óuÿ?1é',XL2¤«.

ÉÔuÿ�}��Ï{�©ÛXe: �aÉÔ

þ�3ØuÇ,ù´du:

�3¤�L§¥�N�Ä¬E¤¤�(J3ë

YS�ã�þÑy�ÅZ6,ù
Z6�Ñy¦�
©�{�uÿ(JØ�;

�3uÿS�ã�¥,ÉÔ���N^=¦�
S�ã�¥�¤��)/C,ù��3S�ã�A
�J��,8IA��þ¥�Areai�A����

�,E¤Øu. ØÓÉÔuÿêâé'XL3¤«.

L 2 �©uÿXÚ�<óuÿ°Ýé'
Table 2 Comparison of performance accuracy of artificial detection and automatic detection system

gÄzuÿXÚ <óuÿ
�¬a. Ä��¬1Ò

ØuÇ/% ¦uÇ/% ØuÇ/% ¦uÇ/%

10% 20110621 2.6 0.4 3.0 1.0
Ä: 20110622 2.2 0.2 2.8 0.6
05 20110623 4.2 0.4 5.2 0.6
�J 20110624 1.6 0 2.4 0.8
0.9% 20100410 1.0 0.6 1.0 0.8
Åz? 20100411 1.8 0.2 2.6 1.4
M�5 20100412 1.4 0 1.8 0.4
�J 20100413 2.0 0.4 1.6 0.6

L 3 ØÓÉÔa.uÿêâé'
Table 3 Comparison of difference type foreign substances detection

VÚÉÔ fÚÉÔ

�¬a. 5U�I ¤2Ô

fu n�/�� Ú: À�

10 / %Ä: ØuÇ/ % 0.5 0.3 0.8 1.1
05�J ¦uÇ/ % 0 0.2 0.3 0.5

0.9 / %Åz? ØuÇ / % 0.4 0.1 0.2 0.8
M�5�J ¦uÇ/ % 0 0 0.1 0.2

5 (((ØØØ(Conclusion)
�©�é���Ñ��¬S��ÉÔ"�uÿ

�A:�O
�@¢�uÿXÚ,TXÚU�é�
�gÄz)��þ�¬"�?1ã�¼�!gÄ£

OÚ©a,éJp���¬�þÚ¢y�gÄzu
ÿk�½�z. XÚ'��{�): Äu�
[�
 ²�ä�©��{!AdaBoost-SVMÉÔã�©
a�{,ÙÌ�`:k: 1)æ^Äu�
[� ²
�ä�©��{¿©|^
ã�¥8I����Ý

©Ù&EÚ��m��'&E,�{�¢�5Ú°
�5Ð,Ó��Ñyk�{Ã{)û�>�uÑ¯
K,¦�ÉÔ©�ã�U�Ð/�Cý¢ã�:
2)�âã�¥$Ä8I�A5,æ^AdaBoost-
SVMã�©a�{,é©���ÉÔã�¦^©a

ì£O,Jp
��¥�aÉÔ�í�uÿ£O�
O(Ç,lü$
í���Ø£O�ÉÔ��U
5,ü$
�¬¦uÇÚØuÇ.Äu±þEâÄ
:,ï�Ñ�Ñ�uÿÅì<,ló§A^�Ý,�
©ïÄ��{I�?�Ú`z,X«©ÉÔÚZ6
�3�½�Ø�Ç;©��{�ëê��ÀJI�
þÁ�,Ï^5���,d	,Jp¢�5ÚuÿO
(5´e�ÚïÄ�:.
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