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Optimum design of LLC resonant converter based

on complex method and its realization
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Abstract: In the process of optimization, the Q factor of the converter, the h ratio

of magnetizing inductance to resonant inductance and the maximum flux Bmax were

chosen as the optimal parameters, the details on the power loss of the converter was

presented, the boundary conditions was deduced and the process of getting optimum

solution was proposed. Finally, a three-hundred-watt prototype was build; the theoretical

and experimental comparison result verified the feasibility and accuracy of the design

method.
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�[1-7]. ÏLÜn�O, LLC ��C�ì�±¢yØI�?Û9Ï>´½���{¢y�B

>m'+�^m'ó�, Ïd3õÇC�þkwÍ`³. ©z [1-2] é LLC ��C�ì�Ä

��n?1
�[©Û¿JÑ
��n��1�O�{. ©z [3] �Ñ
y^>a Lm é�

Ç�K�, �ÙïÄ=�u½5©Û, Ã{Jø�`��. ©z [4-6] �Ñ
y^>a Lm �

�`�, �vk�Ä�Ù§CþX>a' h Ú^5��ó�^Ï�Cþé�Ç�K�. ©z

[7] JÑ
�«`z�OüÑ, TüÑ±¬�Ïê Q Ú>a' h �`zCþ; �¢S`z�,

©Ù�´éü|ëê?1
é', ÀJ
�|�é�`�ëê, �TüÑ�Ñ
 LLC ��

C�ì�>.^�. �±wÑ, 8c3ó�.ÚÆâ., LLC ��C�ì�"y�@O(�

�`�O�{.

�`�O�{¥�E/{, �^5)û��5��kØ�ª�å^��4�¯K, �

3�ê���, ¦)(JO(. Ù¦`z�{, X�[ò»�{, ��)ûda¯K, ��[

ò»�{ØXE/{N´¢y. ��©éÄuE/{� LLC ��C�ì�`�O?1
ï

Ä, ±�Ç�`z8I, ±¬�Ïê Q!y^>a���>a�'� h ±9^5���ó�

^Ï Bmax �`zCþ, �Ñ
�Ñï�!>.^�í�±9�`)¦)��`�O6§,

¿âdï�
�� 100 kHz ªÇ� 300 W �Å. �Å¢�(J�y
T�{��(5Úk

�5.

1 LLC ��C�ìó��n

LLC ��C�ì�ÿÀ(��ã 1, ã¥ Lm �y^>a!Lr ���>a, Cr ���

>N, ùn���|¤
 LLC n����n�ä. {z©Û�, òK1±�6��>{�/

ªò��CØì�>, l��C�ì�ÄÅ���.(�ã 2). C�ì¬�Ïê Q!K1

��>���6>{ Req!��ªÇ fr Ú>a' h �L�ª©OXª (1)—ª (4) ¤«.

Q =

√

Lr/Cr

Req
, (1)

Req =
8

π2
· n2 · Ro, (2)

fr =
1

2π
√

Lr · Cr

, (3)

h =
Lm

Lr
. (4)

ª¥: Ro——ÑÑK1, n——CØì�>�B>�*ê'.

ã 1 LLC ��C�ì

Fig. 1 LLC resonant converter
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ã 2 LLC ��C�ì{z©Û�.

Fig. 2 Simplified model of LLC resonant converter

�Ñ©Û�, I�í� LLC ��C�ì�Ì�>6L�ª, ¿ò§�L«� Q

Ú h �¼êª. �½ó��, LLC ��C�ìó�3����:NC. Ù��n>6�

ã 3 ¤«, ã¥ ir ���n>6, im �y^>6, Tr ���ªÇ, θ ���n>6Ð©� �.

ã 3 �����ó�>6

Fig. 3 Current waveforms at resonant frequency

ir(t)Úim(t)�L�ª�µ

ir(t) = Ir pk sin(2π · fr · t − θ), (5)

im(t) =
4Im pk

Tr
t − Im pk. (6)

y^>6¸�Im pk�±L«�µ

Im pk =
n · Vo

4Lm · fr
. (7)

t = 0 ��, im(t) �Ì�� ir(t) �Ð©���, ��µ

Im pk = Ir pk · sin θ. (8)

3��m'±ÏS, �>Dx�B>�>6�²þ��K1>6��, u´kµ

∫Tr/2

0 [ir(t) − im(t)] dt

Tr/2
=

Io

n
, (9)

òª(5)!ª(6)�\ª(9), z{��µ

Ir pk · cos θ =
π · Io

2n
. (10)
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òª(7)—ª(10)éá, z{��µ

Ir rms =
Vo

4n · fr · Lm · Ro

√

(2π · fr · Lm)2 + n4 · R2
o

2
, (11)

Is rms =
Vo

4 · Lm · fr · Ro
·

√

π2 − 16

4π2
· n4 · R2

o + 16L2
m · f2

r . (12)

�âúª(1)—ª(4), �±��y^>a Lm � Q Ú h �'Xªµ

Lm(Q, h) =
4n2 · Q · h · Ro

π3 · fr
. (13)

òª(13)©O�\ª(11)Úª(12), ��µ

Ir rms(Q, h) =
πVo

32 · n · Ro · Q · h

√

128 · Q2 · h2 + 2π4, (14)

Is rms(Q, h) =
Vo

32 · Ro · Q · h

√

1 024 · Q2 · h2 + (π6 − 16π4). (15)

2 �`�O�{

�`�{¥�E/{, �^5)û��5��kØ�ª�å^��4�¯K, �3�

ê���, ¦)(JO(. Ù¦`z�{, X�[ò»�{, ��)ûda¯K, ��[ò»

�{ØXE/{N´¢y[8-10].

¤¢E/, Ò´3 n ���m¥, dõu(n+1)��1:�¤�õ¡N. E/{�Ä�g

�Ò´3��5�å� n ��mp, éE/��º:¼ê�Å�?1'�, Øä�K��:,

��±QU¦8I¼êk¤Uõ, q÷v�å^��#:, ÅÚN��`:[10].

E/{�Ä��.�µ���55y f(X), ¦

min(f(X)), X = [x1, x2, · · ·, xn], (16)

÷v�å^�






gi(X) 6 0, i = 1, 2, · · · , m

hj(X) = 0, j = 1, 2, · · · , l
. (17)

E/{�Ä�g�´µ3¦)�¥�Å/�Ñ k �å©: X1, X2, · · · , Xk, ¡�Ð©

E/, ��¡�Ð©). E/{�z�ÚÑ�éù k �)U8I¼êê�±,Sü�, Ø�

�,Sü�(J� f(X1), f(X2), · · · , f(Xk). d�¼ê����: Xk ¡���:, ��:

X1 ��`:. ,�ÏL¦¥%: Xc Ú��: Xa, � f(Xa) < f(Xk) �, d Xa O� Xk, l

����#E/, XdØä/Ì�S�. Ï�z�ÚÑGØ��:¿Ú\���`:, ·

�knd�&ÏL�½gê�S��, �ªò���`).

3 ÄuE/{� LLC ��C�ì�`�O�{

3�`�Oc, �k�â²�½�15�O6§�¤�15�O, ù��u��`�O

JøÐ©G�. ,�2�âÀ½�Ô�, ¢y�`�O. �ïÄ±�Ñ�8I¼ê, ±>a'
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h!¬�Ïê Q!CØì��^Ï BT max Ú��>a��^Ï Br max �`zCþ, ÏL�

`�O���Ñ����|ëê, l�¤C�ì�`�O.

3.1 �15�O

�15�O��´Uì²�5�¤�. ¬�Ïê Q ��âéÄ>65�O[11], >a'

h ��� 3∼8[2]. ^��ó�^Ï��´Uì^��Ñ�5�O, 3 50 kHz ±þ�ó�ª

Ç, ��U 100∼200 mW/cm3 5�O.

éu�ïÄ, �Åó��¸´ 380 V �½Ñ\, 48 V �½ÑÑ, ÑÑõÇ� 300 W, �

½ó�ªÇ 100 kHz. �âù
ëê, �¤�15�O, >a' h �� 4, 3 300 kHz �éÄ

ªÇe, �¦éÄ>6�u 10 A, � Q � 0.334 (e¡�ÑT��[�O�úª). À^U

Ïúi TP4A ^�, U 100mW/cm3�^��Ñ5�O, ó�^Ï� 0.135 T. �>m'+�

SPP06CN60C3 (650 V, 6 A, 125 pF), B>�AÄ+� 30CPQ150 (150 V, 30 A). �d�¤


Ì�ëê��15�O, �Åó��~. �´T�{���6àÒ´3�Ç`z�I�?1

õ|'�¢�, ó�þ�. Ïd, éÙ�`�O�{�ïÄ´�~k7��.

3.2 8I¼ê

3?1�Ç`z�, I�ïá>´��Ñ�., ±o�Ñ�8I¼ê, `z(J´o�

Ñ��. �ÑÌ�kµpªCØì�Ñ, ��>a�Ñ, �>m'+�Ñ, B>�4+�Ñ±

9Ú�M)>{�Ñ�. ùpòù
Ì��Ñ©�pªCØì�Ñ, M)>{�Ñ±9Ù§

�Ñna.

3.2.1 CØì�Ñ

CØì�Ñ�)7|�Ô�Ú^��c�. 7|�Ô�q�)�>Ô�ÚB>Ô�. ^

�c� Pfe �L«�

PTx fe(BT max) = PV (BT max) · Ve. (18)

ª¥: PV ——^�ü NÈ�Ñ, �d^��êâÃþþ��. 3�`�O�, �I�éÙ?

1�[Ü, ��Å¥æ^� TP4A ^��Ñ�[Ü(J�ã 4 ¤«, �±uy, �g[

Ü(JÚÃþêâ�~�C. Ve——^�NÈ.

ã 4 ^��Ñ�[Ü(J

Fig. 4 Curve fitting result of core loss

�
~���>{, æ^ü��»� 0.1 mm �|[�, T�»��u 0.24 mm �pª

�A�.�», Ïd�±�Ñ���pª�A, ��ÄÙ�6©þ[12,13]. CØì�B>*ê
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np Ú ns �±L«�

np(BT max) =
nV o

4AefrBT max
,

ns(BT max) =
np(BT max)

n
,

(19)

ª¥: Ae——^��¡È.

RTx p(BT max) =
ρ · np(BT max) · lp

sp · nlitz p
,

RTx s(BT max) =
ρ · ns(BT max) · ls

ss · nlitz s
,

(20)

ª¥: RTx p, RTx s——�!B>>{, ρ——Ô>{Ç, np, ns——�!B>*ê, lp, ls——

�!B>z*���²þk��Ý, sp, ss——�!B>|[�ü�k�Ï6¡È, nlitz p,

nlitz s——�!B>|[���ê.

�!B>Ô��L«�

PTx Cu p(Q, h, BT max) = Ir rms(Q, h)2 ∗ RTx p(BT max),

PTx Cu s(Q, h, BT max) = Is rms(Q, h)2 ∗ RTx s(BT max).
(21)

CØìo�Ñ�L�ªXª(22)¤«.

PTx(Q, h, BT max) = PTx fe(BT max) + PTx Cu p(Q, h, BT max) + PTx Cu s(Q, h, BT max).

(22)

3.2.2 ��>a�Ñ

��>a�´�«^5��, Ù�Ñ�CØìaqµ

PLr(Q, h, Br max) = PLr fe(Br max) + PLr Cu(Q, h, Br max) (23)

3.2.3 M)>{�Ñ

M)>{Ì��)�>m'+��Ï>{, ��>N� ESR ±9��M)>{:

PRs(Q, h) = Ir rms(Q, h)2 · (2Ron + RCr + Rline p) + Is rms(Q, h)2 ∗ Rline s. (24)

3.2.4 Ù¦�Ñ

Ù¦�ÑÌ��)B>m'+�Ñ±9ÑÑ>N�Ñ:

Pother(Q, h) =
2
√

2

π
Irms s(Q, h) ∗ VD + PESR Co(Q, h). (25)

ª¥: VD——B>m'+��ÏØü.

3.2.5 o�Ñ

o�Ñ� Ptot ±L«�µ

Ptot(Q, h, BT max, Br max, ) = PTx(Q, h, BT max) + PLr(Q, h, Br max)

+ PRs(Q, h) + Pother(Q, h). (26)
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3.3 �å^�

I�©Oé�o�`zCþ��å^�. éuCØì��^Ï BT max Ú��>a��

^Ï Br max, §���å^��±�âÀ½�^���Ú^Ï��. Ïd�I�í�Ù{ü

�`zCþ��å^�, ùÒI�(Ü LLC ��C�ì�AÏ55í�.

3.3.1 �>^m'¢y���^�

�¢y�>m'+�">ØmÏ(Zero Voltage Switching, ZVS)I��y��n>63

k«�m Tdead SØUUC��, �3k«�mS>Ö�ø�þ Qcap ��um'+(>N

�¿�>>ÖI¦þ Qneed. u´��� Ú>Öþ�ü���^�µ

θ > ωr · Tdoad, (27)

Qcap =

∫Tr/2+Tdead

Tr/2

ir(t) · dt > tQneed = 2Vin · Cj . (28)

òª(13)!ª(27)Úª(28)éá, í���y^>a���^�µ

Q · h 6
wr · Lm

Req
=

1 − cos(wr · Tdead)

16fr · Cj · sin(wr · Tdead) · Req
. (29)

3.3.2 ¬�Ïê���^�

éÄ��, LLC ��C�ì�ÑÑ>NüàØü� 0, ���ÑÑá´. ÏdéÄ��

��n��>´�±L«�ã 5 ¤«��.. T�.´�����>´, Ð©^�� 0, �±

í�ÑéÄ>6�)Ûª.

ã 5 éÄ����n��>´

Fig. 5 Equivalent circuit during start-up transient

�½>ØéÄ�, C�ì�éÄ>6 istart �±L«�

istart(kf ) =



















π2

4Q
·
Io

n
, 1 6 kf 6 2

π2

4Q
·
Io

n
· sin

( π
kf

)

, kf > 2

, (30)

ª¥ kf �éÄªÇ fstart ���ªÇ fr �', kf = fstart/fr.

�±uy, ¬�Ïê�éÄ>6¤�', ¬�Ïê��, éÄ>6��. C�ì�O�,

éÄ>6ØU�L#N���� Istart(max) ±�yì��S�ó�. ùÒ��
 Q ���,

Ù���Xª(31)¤«. �
÷v�½�K>�±I¦[5], LLC ��C�ì���OÃ��

u¢SI��OÃ��� Mmax. ùÒ��
¬�Ïê Q ����, Q ���âC�ì��

ýOÃ�À�, ã 6 ´T>´3ØÓ¬�Ïê Q e�OÃ��ý(J, lãþ�±wÑ,
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Q ������ 0.75.

Q(kf ) >



















π2

4Istart(max)
·
Io

n
, 1 6 kf 6 2

π2

4Istart(max)
·
Io

n
· sin

( π
kf

)

, kf > 2

. (31)

ã 6 ØÓ¬�Ïê Q eOÃ���ý(J

Fig. 6 Simulated gain curve under different Q factor

3.4 �`)¦)

��`�O¥, x1 = Q, x2 = h, x3 = Bt max, x4 = Br max. �O6§©ÊÚµ

1�Úµ�¤Ð©E/. �1�O(J��O��1), ,�|^�Å|¢{½öÙ§

|¢�{éÑ k > (n+1) ��1)(��� k = 2n, ùp� 8), �¤Ð©E/.

1�Úµ¦��:�¥%:. ¤¢���:Ò´E/¥¦8I¼ê������:, Ï

`�L§Ò´Øä�Kù
��:, ��±QU¦8I¼êk¤Uõ, q÷v�å^��#

:. dª(32)é�E/���: Xh, �Xdª(33)éÑE/�¥%: Xc.

Xh = max
16i6k

(f(Xi)), (32)

Xc =
1

k − 1

(

k
∑

i=1

i6=h

Xi

)

. (33)

1nÚµ�¤��:. ÀJ��Xê α(��� α >= 1, ùp� 1.2), d��: Xh ÏL

¥%: Xc � α ����, ����: Xa = Xc + a(Xc − Xa). ����:�����ä Xa

´Ä÷v�å^�, eØ÷v, K~���Xê α = α/2, #�¤��:, #u�, ��

Xa ��1:.

1oÚµ�K��:. '���:¼ê����:¼ê����. e f(Xa) < f(Xh),

K± Xa O� Xh, �¤#�E/, =�1�Ú¶e f(Xa) > f(Xh), Kò��Xê~�, =±

α/2 �O α, =�1nÚ. �E?1��, e��Xê® ��ýk�½���é���ê

ε(ùp� 0.01), dª(34)ÀÑg�: Xsh. ¦ Xh = Xsh, =�1�Ú.

Xsh = max
16i6k

i6=h

(f(Xi)) (34)
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1ÊÚµÂñ5�â. �ES�, ��#�E/ �¿©�, ±�÷vª(35)��, ª¥

ε �ýk�½�°ÝXê. K Xc =��`).

1

k

k
∑

l=i

(f(Xc) − f(Xi))
2

6 ε (35)

�â�©JÑ��`�O6§, 3 Matlab ^�¥?§¢y�`�O¦)L§. L 1 ´

|^E/{?1õg�E`zO�L§¥�Å���Ê|�`).

LLL 1 ���`̀̀ëëëêêê¦¦¦)))(((JJJ

Tab. 1 Solving result of optimum parameter
SÒ ���Ñ(W) �`ëê(Q, h,BT max,Br max)

1 10.724 0.750 8, 6.329 7, 0.084 3, 0.093 9

2 10.724 0.750 4, 6.329 6, 0.084 3, 0.093 9

3 10.724 0.750 1, 6.329 9, 0.084 1, 0.093 9

4 10.724 0.749 7, 6.330 5, 0.084 1, 0.094 2

5 10.72 4 0.750 1, 6.330 0, 0.084 1, 0.093 9

4 ¢��ïÄ

L 2 ´�1�O��`�Oëêé'L, 3yk�Ô�^�e, �1�O�nØ�Ç�

95.4%, �`�O�nØ�Ç� 96.5%. �[��Ñé'�ã 7 ¤«. `z��Å�Ì�¢�

Å/�ã 8 ¤«, 8(a) ��½Ñ\>Ø÷1ó��m'+°Ä>Ø vgs(20V/�)Ú¦>Ø

vds(100V/�)¶8(b)���>Nüà>Ø vCr(100V/�)Ú��n>6 ir(2A/�)¶8(c)�B>�

4+>Ø vD(50V/�)Ú�4+>6 iD(5A/�). �±wÑ, �½ó¹e, C�ìó�3����

:NC, ��>m'+¢y ZVS, B>�4+¢y">6'ä(Zero Current Switching, ZCS).

ã 9 ��`�O(J��1�O��Ç�é', �1�Oe, ÷1�p�Ç� 95.17%, �`�

O��p�Ç� 96.22%, �ÇJ,
 1.05%, �nØ©Û¬Ü.

LLL 2 ���111���OOO������`̀̀���OOOëëëêêêééé'''

Tab. 2 Comparison between practical and optimal design
Q h BT max Br max

�1�O 0.334 4 0.135T 0.135T

�`�O 0.75 6.33 0.0845T 0.094T

ã 7 �1�O��`�O��Ñé'ã

Fig. 7 Power loss comparison between practical and optimal design
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ã 8 �Å¢�Å/

Fig. 8 Experimental waveforms

ã 9 �Å�Ç�

Fig. 9 Efficiency curve of prototype

5 ( Ø

�©ÏL�[�nØ©ÛÚ�Ñï�, �Ñ
ÄuE/{� LLC ��C�ì�`�O�

{. �`�O�, ÄkI��â²��¤�15�O, 3dÄ:þ, |^�©�`z�.ïá8

I¼êÚ�å^�, 3matlab¥?§¢y`zO�. ©¥���Ñ
�Å¢�(J, nØÚ¢�

�é'(J�y
�©¤JÑ��`�O�{k�5ÚO(5.

[ë � © z]

[ 1 ] YANG B, LEE F C, ZHANG A J, et al©LLC resonant converter for front end DCªDC conversion[C]// Pro-

ceedings of 17th Annual IEEE Applied Power Electronics Conference and Expositions. New York: Institute of

Electrical and Electronics Engineers Inc, 2002: 1108-1112.

[ 2 ] êÊ, ã´. �«U?� LLC C�ì���äëê�O�{ [J].¥I>Åó§Æ�, 2008, 28(33): 6-11.

[ 3 ] �½[, Éw�, ½��, �.�é¡(�õ´ÑÑLLC��.C�ì [J].¥I>Åó§Æ�, 2006, 43(5)µ82-87.

[ 4 ] �%, ½��. #L^m'í�LLC��C6ì9ÙÿÀòÿ [J]. úô�ÆÆ�(óÆ�), 2010, 44(8):1540-1547.

[ 5 ] LU B, LIU W D, LIANG Y, et al. Optimal design methodology for LLC resonant converter[C]// Proceedings of

21st Annual IEEE Applied Power Electronics Conference and Exposition. New York: Institute of Electrical and

Electronics Engineers Inc, 2006:533-538.

[ 6 ] YANG B, LEE F C, CONCANNON M, et al. Over current protection methods for LLC resonant converter[C]//

Proceedings of 18th Annual IEEE Applied Power Electronics Conference and Exposition. New York: Institute

of Electrical and Electronics Engineers Inc, 2003: 605-609.

[ 7 ] XIE X G, ZHANG J M, ZHAO C, et al. Analysis and optimization of LLC resonant converter with a novel

over-curent protection circuit[J]. IEEE Transactions on Power Electronics, 2007, 22: 435-443.

[ 8 ] Hl, �L, ÇÇ=. ÄuE/{¦)õ�UN9æ¯K�ïÄ [J]. O�Åó§�A^, 2002, 17(2):6-8.

[ 9 ] �vv, +IL. ÄuE/{�U>ìÅ�A5`z�O�{�ïÄ [J]. $Ø>ì, 2009, 3: 10-13.

[10] #�R, ��m, �þS. âf+E/{¦)À1û¯K [J]. úô�ÆÆ�(óÆ�), 2007, 41(3): 369-373.

(e=1 218 �)



华东师范大学学报（自然科学版） ２０１３年

［２］　朱树先，张仁杰．支持向量机核函数选择的研究［Ｊ］．科学技术与工程，２００８，８（１６）：４５１３４５１７．

［３］　ＢＯＴＴＯＵＬ，ＣＯＲＴＥＳＣ，ＤＥＮＫＥＲＪ，ｅｔａｌ．ＣｏｍｐａｒｉｓｏｎｏｆＣｌａｓｓｉｆｉｅｒＭｅｔｈｏｄｓ：ＡＣａｓｅＳｔｕｄｙｉｎＨａｎｄｗｒｉｔｔｅｎ

ＤｉｇｉｔＲｅｃｏｇｎｉｔｉｏｎ．ＣｏｍｐｕｔｅｒＶｉｓｉｏｎ＆ＩｍａｇｅＰｒｏｃｅｓｓｉｎｇ［Ｃ］／／Ｐｒｏｃｅｅｄｉｎｇｓｏｆｔｈｅ１２ｔｈＩＡＰＲＩｎｔｅｒｎａｔｉｏｎａｌＣｏｎｆｅｒ

ｅｎｃｅ．Ｊｅｒｕｓａｌｅｍ：［ｓ．ｎ．］，１９９４：７７８７．

［４］　ＤＥＢＮＡＴＨＲ，ＴＡＫＡＨＩＤＥＮ，ＴＡＫＡＨＡＳＨＩＨ．Ａｄｅｃｉｓｉｏｎｂａｓｅｄｏｎｅａｇａｉｎｓｔｏｎｅｍｅｔｈｏｄｆｏｒｍｕｌｔｉｃｌａｓｓｓｕｐ

ｐｏｒｔｖｅｃｔｏｒｍａｃｈｉｎｅ［Ｊ］．ＰＡＴＴＥＲＮＡＮＡＬＹＳＩＳ＆ＡＰＰＬＩＣＡＴＩＯＮＳ，２００４，７：１６４１７５．

［５］　ＰＬＡＴＴＪＣ．ＦａｓｔＴｒａｉｎｉｎｇｏｆＳｕｐｐｏｒｔＶｅｃｔｏｒＭａｃｈｉｎｅｓＵｓｉｎｇＳｅｑｕｅｎｔｉａｌＭｉｎｉｍａｌＯｐｔｉｍｉｚａｔｉｏｎ［Ｍ］．［ｓ．ｌ．］：

ＭＩＴＰｒｅｓｓ，１９９８．

［６］　张学工．关于统计学习理论与支持向量机［Ｊ］．自动化学报，２０００，２６（１）：３２４２．

［７］　ＴＡＫＡＨＡＳＨＩＦ，ＡＢＥＳ．ＤｅｃｉｓｉｏｎＴｒｅｅＢａｓｅｄＭｕｌｔｉＣｌａｓｓＳｕｐｐｏｒｔＶｅｃｔｏｒＭａｃｈｉｎｅｓ［Ｃ］／／ＰｒｏｃｅｅｄｉｎｇｏｆＩＣＯ

ＮＩＰ’０２．Ｓｉｎｇａｐｏｒｅ：ＩＥＥＥＰｒｅｓｓ，２００２．

［８］　ＳｏｇｏｕＬａｂＤａｔａ．文本分类语料库［ＤＢ／ＯＬ］．［２０１２１２２４］．ｈｔｔｐ：／／ｗｗｗ．ｓｏｇｏｕ．ｃｏｍ／ｌａｂｓ／ｄｌ／ｃ．ｈｔｍｌ．

［９］　ＣＨＡＮＧＣＣ，ＬＩＮＣＪ．ＬＩＢＳＶＭ：ａｌｉｂｒａｒｙｆｏｒｓｕｐｐｏｒｔｖｅｃｔｏｒｍａｃｈｉｎｅｓ［Ｊ］．ＡＣＭ ＴｒａｎｓａｃｔｉｏｎｓｏｎＩｎｔｅｌｌｉｇｅｎｔ

ＳｙｓｔｅｍｓａｎｄＴｅｃｈｎｏｌｏｇｙ，２０１１，２（３）：１２７．

［１０］　ＩＣＴＣＬＡＳ．汉语分词系统［ＤＢ／ＯＬ］．［２０１２１２２３］．ｈｔｔｐ：／／ｗｗｗ．ｉｃｔｃｌａｓ．ｏｒｇ／．

［１１］　ＹＡＮＧＹＭ，ＰＥＤＥＲＳＥＮＪＯ．ＡＣｏｍｐａｒａｔｉｖｅＳｔｕｄｙｏｎＦｅａｔｕｒｅＳｅｌｅｃｔｉｏｎｉｎＴｅｘｔＣａｔｅｇｏｒｉｚａｔｉｏｎ［Ｃ］．Ｉｎｔｅｒｎａｔｉｏｎ

ａｌＣｏｎｆｅｒｅｎｃｅｏｎＭａｃｈｉｎｅＬｅａｒｎｉｎｇ．１９９７．

［１２］　ＰＯＷＥＲＳＤＭ Ｗ．Ｅｖａｌｕａｔｉｏｎ：ｆｒｏｍｐｒｅｃｉｓｉｏｎ，ｒｅｃａｌｌａｎｄＦｆａｃｔｏｒｔｏＲＯＣ，ｉｎｆｏｒｍｅｄｎｅｓｓ，ｍａｒｋｅｄｎｅｓｓ＆ｃｏｒｒｅｌａ

ｔｉｏｎ［Ｊ］．ＪｏｕｒｎａｌｏｆＭａｃｈｉｎｅＬｅａｒｎｉｎｇＴｅｃｈｎｏｌｏｇｉｅｓ，２００４，２：３７６３．

［１３］　ＫＯＨＡＶＩＲ．Ａｓｔｕｄｙｏｆｃｒｏｓｓｖａｌｉｄａｔｉｏｎａｎｄｂｏｏｔｓｔｒａｐｆｏｒａｃｃｕｒａｃｙｅｓｔｉｍａｔｉｏｎａｎｄｍｏｄｅｌｓｅｌｅｃｔｉｏｎ［Ｃ］．Ｐｒｏｃｅｅｄ

ｉｎｇｓｏｆｔｈｅＦｏｕｒｔｅｅｎｔｈＩｎｔｅｒｎａｔｉｏｎａｌＪｏｉｎｔＣｏｎｆｅｒｅｎｃｅｏｎＡｒｔｉｆｉｃｉａｌＩｎｔｅｌｌｉｇｅｎｃｅ．１９９５，２（１２）：１１３７１１４３．

（上接第１８５页）

［１１］　ＬＩＵＴ，ＺＨＵＯＺＹ，ＸＩＯＮＧＡＭ，ｅｔａｌ．ＡｎｏｖｅｌｐｒｅｃｉｓｅｄｅｓｉｇｎｍｅｔｈｏｄｆｏｒＬＬＣｓｅｒｉｅｓｒｅｓｏｎａｎｔｃｏｎｖｅｒｔｅｒ［Ｃ］／／

２８ｔｈＡｎｎｕａｌＩｎｔｅｒｎａｔｉｏｎａｌＴｅｌｅｃｏｍｍｕｎｉｃａｔｉｏｎｓＥｎｅｒｇｙＣｏｎｆｅｒｅｎｃｅ．ＮｅｗＹｏｒｋ：ＩｎｓｔｉｔｕｔｅｏｆＥｌｅｃｔｒｉｃａｌａｎｄＥｌｅｃ

ｔｒｏｎｉｃｓＥｎｇｉｎｅｅｒｓＩｎｃ，２００６：１６．

［１２］　ＥｒｉｃｋｓｏｎＲＷ，ＭａｋｓｉｍｏｖｉｃＤ．ＦｕｎｄａｍｅｎｔａｌｓｏｆＰｏｗｅｒＥｌｅｃｔｒｏｎｉｃｓ，Ｓｅｃｏｎｄｅｄｉｔｉｏｎ［Ｍ］．ＮｅｗＹｏｒｋ：ＫｌｕｗｅｒＡｃａ

ｄｅｍｉｃＰｕｂｌｉｓｈｅｒｓ，２００１．

［１３］　赵晨，石洋，吴新科，等．三元件串联ＬＬＣ谐振变流器的优化设计策略［Ｊ］．电工技术学报，２００８，２３（１）：６５７１．

８１２


	郭稳涛.pdf
	Acr17.tmp

