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JÑ
ÉÚ@�Ã�>g·AëêN�¯K�., ¿JÑ
Äuâf+�{�N��{, ÏL�ýé¤J�{
5U?1
©Û. (JL²ØÓÑÖ�þ (quality of service, QoS) �¦�¹e, �©¤J�{þU3÷v QoS �¦
�cJe¦�U~�XÚo�u�õÇ, l
��
ü$Uþ�Ñ�8�.
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1 Ú ó

Cc5, �X&EÚÏ&Eâ�ØäuÐÚA
^, dd�5�Uþ�Ñ¯KÉ�2�'5. k�
w�Ñ, Ï&êâþz 5 c� 10 �, Uþ�Ñz
cO\ 16%—20%, dd�5�é�¸�K�òØ
N�À [1]. ,��¡, Uþ�'�²L¤��Óâ

>&½|�ä$EûC���$E¤�, 
�
'~�3Åìþ, [2]. Ïd, <�JÑ
ÉÚÏ&
Eâ5)ûþã¯K. æ^ÉÚÏ&Eâ`zÃ�
Ï&�Uþ�Ç, Ø=U
ü$é�¸�K�, �
U
ü$���ä¤�, äkéÐ�²L�ÃÚ�
¬�Ã [1,2].

@�Ã�> (cognitive radio, CR) ´��k"
�)Ã�ªÌ]
á"!ªÌ|^Ç$e��U
Ã�Ï&Eâ [3−6]. duÙU
é±��¸ÚX
ÚSÜG�?1a�!ÆSÚg·Aûü, §��
@�´¢yÉÚÏ&���­�Eâ [2]. �©ò
�3¢yÉÚÏ&�@�Ã�>¡� “ÉÚ@�
Ã�>”. ÉÚ@�Ã�>�Ä�8I´XÛ�â
	Ü�¸I¦N�g�ó�ëê5¢yÉÚÏ&.
�éù�¯K, �©­:ïÄÉÚ@�Ã�>�g
·AëêN�Eâ, =XÛN�Ã�>ëê, ¦�

3÷vÏ&I¦��¹e¦�Uü$XÚ�Uþ
�Ñ. ®k�'u@�Ã�>g·AëêN��ï
Ä�é�´��¿Âþ�@�Ã�>��¹ (X©
z [7] ±9·�kc�ïÄ¤J [3,5]), �vk�9
�éÉÚÏ&�ÉÚ@�Ã�>. Ïd, �©òg
·AëêN�*Ð�ÉÚ@�Ã�>, JÑ¯K�
.Ú)û�{.

�©Ì��zXe: 1) JÑ
ÉÚ@�Ã�>
�g·AëêN�¯K�., òÉÚ@�Ã�>g
·AëêN�ï���åü8I`z¯K; 2) JÑ
Äuâf+�{ (particle swarm optimization, PSO)
��{5)ûÉÚ@�Ã�>�g·AëêN�
¯K, JÑ
·AÝïþ�{¿�Ñ
�[��
{Ú½; 3) é¤J�{?1
�ý©Û, (JL²
�©�{U
3�yÑÖ�þ (quality of service,
QoS) �cJe, �ÌÝü$XÚ�u�õÇ, l

��
!�Uþ�Ñ�8�.

2 ÉÚ@�Ã�>�g·AëêN�

2.1 ¯̄̄KKK���...

�X “ÉÚ” �¹Â¤3, ÉÚ@�Ã�>�Ì
�8I´��zUþ (õÇ) �Ñ. ,
, XJÄ�
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� QoS ØU��÷v, @o��zõÇ�Ñòvk
?Û¿Â, Ï�u�õÇ�U�$, ò��Ä��
Ï&õU�ØU�y. Ïd, �©òÉÚ@�Ã�
>�g·AëêN�¯Kï����å^��õ
Ñ��z¯K:

minPc(a),

�å^� : QoS�¦, i+��, M��å�,
(1)

Ù¥ a L«�N��ëê, 'X1ÅªÇ!u�
õÇ!N��ª��, Pc(a) L«�½ a ��¹e
�XÚõÑ. (1) ª¥� QoS �¦�~f�)��
'A�ØÇ (bit error rate, BER)!��êâ�Ç!
��ò´�, §�Ï~´ a �¼ê. ù
 QoS �ä
N�A^k', 'XDÑ�þêâ©��^r'%
�´ BER Úêâ�Ç, 
Àª^r'%�´�ä
ò´; DÑ>fe�¿ØI�ép�êâ�Ç, �
´°�ÀªKI�p6þ. Ø
 QoS �¦	, ÉÚ
@�Ã�>�I�÷v�/i+��. ó�3ØÓ
ª����Ï~�÷vØÓ�i+��. ,	, M
��¬é@�Ã�>�ûü�Ñ�å. ~X, =¦
��ª©E^ (orthogonal frequency division multi-
plexing, OFDM) U
Jø�Ð�êâ�Ç, �´X
JÃ�>�[càØ|±ùo°��°, @�ØU
�æ^.

éu�½�ÉÚ@�Ã�>XÚÚ�½�ª
Ç9/n �, i+�åÚM���Ï~�±Ø
C, �´ QoS �¦%¬�X^rI¦�Cz��C
z. � QoS �¦u)UC�, ÉÚ@�Ã�>7L
U
`zÙó�ëê5¦�U3�y#� QoS �
¦�cJe��zõÇ�Ñ, l
��!UÚ��
�8�.

2.2 õõõ111ÅÅÅXXXÚÚÚ¯̄̄KKK���...

±þï��´ÉÚ@�Ã�>¥���¿Â
þ�g·AëêN�¯K�., �!ò±õ1ÅÏ
&XÚ�~�ÑäN�¯K�., �©�Y�ý¥
þæ^Tõ1ÅXÚ?1©Û. �õ1ÅÉÚ@�
Ã�>XÚ�¹ N �f1Åê, �Nëê�)u
�õÇ!N��ªÚN�?�ê. QoS �¦�8
I BER Ú8Iêâ�Ç. Tõ1ÅÉÚ@�Ã�
>�g·AëêN�¯K�±L«¤ÀJu�õ
ÇÚN��ª!3÷v QoS �¦e¦�XÚou

�õÇ��:

min
N∑

i=1

Pi,

st.BER 6 BERtar, DR > DRtar,

(2)

Ù¥, Pi ´1 i �f1Å�u�õÇ, BERtar ´8
I BER, DR L«êâ�Ç, DRtar L«8Iêâ
�Ç. 5¿éuØÓ�A^, BERtar � DRtarØÓ.

3 Äuâf+�{�N��{

�©JÑæ^ PSO ¦) (2) ª¤«�õ1Å
ÉÚ@�Ã�>g·AëêN�¯K. PSO ´�
«�U`z�{ [8,9], ·�kc�ïÄ¤J¥®
ò PSO ^u)û@�Ã�>ûüÚ� [5]!��
ªÌa� [10]!Ä�ªÌ©� [11] �¯K. �âf
+¥âf�ê� S, K3�� D ��|¢�m¥,
âf i (1 6 i 6 S) 31 t gS��� �&E
�±L«� xt

i = [xt
i1, x

t
i2, · · · , xt

iD], �Ý&EL
«� vt

i = [vt
i1, v

t
i2, · · · , vt

iD], âf i �8c��
¤²{��Ð �� pt

i = [pt
i1, p

t
i2, · · · , pt

iD], +
N¥¤kâf�8c��¤²{L��Ð �
� pt

b = [pt
b1, p

t
b2, · · · , pt

bD], Ù¥ b �äk�` �
âf�¢Ú.

�©JÑ�Äu PSO �ÉÚ@�Ã�>g·
AëêN�¥, z��âf� �L«�«�U�
). xt

i = [xt
i1, x

t
i2, · · · , xt

iD] ��N�ëê�m�N
�'XXã 1 ¤«, Ù¥ Lj L«ëê aj ¤I��
?�?è ê. Lj ê�d aj �����Ú¤I¦
)°Ýû½.

âf·AÝïþ´�©¤J�{�Ø%. �©
JÑXe·AÝïþ�{:

fit =

(
NPmax + 1 −

N∑
i=1

Pi

)

×f

(
1
N

N∑
i=1

BERi

)−1

, BER−1
tar


×f

(
1
N

N∑
i=1

DRi, DRtar

)
, (3)

Ù¥, fit L«·AÝ�, BERi Ú DRi ©OL«
1 i �f1Å� BER Úêâ�Ç. ¼ê f(., .) ½
Â�

f(x, α) =
1
2

(tanh (σ (log (x/α) − η)) + 1) , (4)
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Ù ¥ σ Ú η ´ ü � ~ ê. � © À J σ Ú η ¦
�� x/α = 1 �, f(x, α) = 0.95; x/α = 0.1 �,
f(x, α) = 0.01. ã 2 �Ñ
ù«�¹e f(x, α) �
­�ã. lã¥�±wÑ, � x ��8I� α �,
� x = α �', ¤O\���~k�; ,
, � x

vk��8I� α �, � x = α ���¹�',
f(x, α) ~���~¯. Ïd, 3 (3) ª¥, XJ²

þ BER pu8I BER ½ö²þêâ�Çvk�
�8Iêâ�Ç, KéT)�¨v��, l
¦ (2)
ª¥��å^�3âf·AÝïþ¥�±Ny. ,
	, d (3) ª��, �âf¤U¢y�ou�õÇ�
�, Ù·AÝ��. Ïd�X PSO S��?1, U

3¦�U÷v�å^�eÅÚü$u�õÇ, �
X (2) ª��`)��üz.

L
�� � � � � � � � �144424443

L L L

144424443 144424443

�� � � 	 �� � 
 � 	 � � 
 �� � 
 � 	 � � � 
 �� � 
 � � � � � � 
 �� � �
ã 1 âf ��ëê�m�éA'X

10-2 10-1 100 101 102
0

0.2

0.4

0.6

0.8

1.0

f
↼x
↪α
↽

x/α

ã 2 f(x, α) ­�

�©JÑ�Äu PSO �ÉÚ@�Ã�>g·
AëêN��{6§Xe:

1) - t = 0, �Å�) xt
id Ú vt

id, Ù¥ xt
id ∈

{0, 1}, vt
id ∈ [−Vmax,+Vmax], 1 6 d 6 D, l
�

� xt
i = [xt

i1, x
t
i2, · · · , xt

iD], 1 6 i 6 S;
2) �â (3) ªO���âf�·AÝ, - pt

i =
xt

i, ¿¦ pt
b = [xt

b1, x
t
b2, · · · , xt

bD], Ù¥ b �äk�
p·AÝ�âf�¢Ú;

3) - t = t + 1, �âXeúª�# vt
id

[8]:

vt
id = vt−1

id + c1r1(pt−1
id −xt−1

id )+ c2r2(pt−1
bd −xt−1

id ),
(5)

Ù¥ c1 Ú c2 �ÆSÏf (�¡\�~ê), r1 Ú r2

�©Ùu [0, 1] m��Åê. XJ vt
id > Vmax, K

- vt
id = Vmax, X J vt

id < −Vmax, K - vt
id =

−Vmax;
4) �Å�)þ!©Ùu [0, 1] m��Åê, X

JÙ�u sig(vt
id), K- xt

id = 1, ÄK- xt
id = 0, Ù

¥ sig(vt
id) = 1/ (1 + exp(−vt

id));

5) �â (3) ªO�z�âf�·AÝ�, é
uâf i, XJÙ·AÝ�u pt−1

i �·AÝ, K
- pt

i = xt
i, ÄK pt

i = pt−1
i ; XJÙ·AÝ�

u pt−1
b �·AÝ, K- pt

b = xt
i; XJvk=�

âf�·AÝ�u pt−1
b �·AÝ, K- pt

b = pt−1
b ;

6) XJ����S�gê, �{ª�; ÄK, a
�Ú½ 3).

�{ª��, pt
b =�¤é���ª), ÙéA

�ëê�±^u��ÉÚ@�Ã�>, ¦Ù3÷
v QoS �¦�cJe±¦�U$�u�õÇ?
1Ï&.

4 �ý(J9©Û

�{�ý¢�¥f1Åê� 32, XÚ�Nëê
�)u�õÇÚN��ª. u�õÇ�k 64 «�
U��, ����� 0—25.2 dBm, m�� 0.4 dBm.
�ÀN��ª�) BPSK (�?��£��), QPSK
(���£��), 16QAM Ú 64QAM. z�f1Å
&�þ�ÀJØÓ�u�õÇÚN��ª. ù«
õ1ÅXÚëêN�Ï`�m� 25632, êþ?
� 1077. �¤±ÀJùo��Ï`�m´�
ÿÁ
�©¤J�{�p�Ï`Uå. �ý¥�b�ÎÒ
�Ç� 100 ksps, (�ãæ^�Xè©�, &�a
.�\5pdxD( (additive white Gaussian noise,
AWGN) &�, D(Ä.� –90 dBm, u�ÅÚ�Â
Å�m��½´»�Ñ� 72 dB, Ød�	, �b�
��f1Å²{�ÅP~, �) [0, 1] �m��Å
êL«,�f1Å�OÃ. �ÿÁ�{5U, �Ä
n«ØÓ� QoS �¦, XL 1 ¤«. Ù¥�ª 1 ^
u{ÑÏ&, �ª 2 ^uÀªÏ&, �ª 3 ^u$
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�êâDÑ.

L 1 QoS �¦

�ª 1 �ª 2 �ª 3

BERtar 10−2 10−3 10−6

DRtar 10 kbps 300 kbps 200 kbps

�ý¥, PSO ëêÀJXe: c1 = c2 = 2,
Vmax = 4. I��Ñ�´, ëê c1 Ú c2 ^5�
�âf���PÁÚ+NPÁ�m��éK�, �
Lz�âfí�g��`Ú+N�` ��Uå,
��� c1 = c2 = 2[9]. Vmax �½âf �� 1 ��
�VÇ±9âf �� 0 ���VÇ, Ó���N
)�CÉVÇ. Vmax ��, CÉ��U5��, &¢
#�)�Uåò��; �´ Vmax �ØU���, Ä
KN´�\ÛÜ�`. ·�3ã 3 ¥�Ñ
�ª 3
e Vmax �ØÓ����{5U, ã¥´ 20 gÕá
Á��²þ(J. �±wÑ, Vmax = 2 Ú Vmax =
6 ��{5Uþ' Vmax = 4 ��, Ïd, Vmax = 4
´���`�ÀJ, �©�Y�ý�òæ^Të
ê��.

� � � � � � � � � � � � � � � � �� �� �� �� �� ��	
 � � 
 � � � �� 
 � � � �� 
 � � � �
ã 3 ØÓ Vmax e�{5U (�ª 3)

ã 4 �Ñ
 PSO �XS�gê�?1¤��
�ou�õÇ, ã¥´ 20 gÕáÁ��²þ(J.
dã��, n«�ªe, ou�õÇþ�XS��
?1Øä~�, �{ª��, ¤���ou�õÇ
����u�U���ou�õÇ (���Uou
�õÇ� 10 log10

(
(1025.2/10) ∗ 32

)
≈ 40.25 dBm),

l
��
!U�8�. L 2 �Ñ
 20 g¢��
{�ª¤� (= 1000 gS��) �²þ BER!²
þêâ�Ç!²þou�õÇ±9ou�õÇ�
IO�. é'L 1 ÚL 2 ��, �«�ªe� QoS
�¦þ®��, `²�©JÑ�Äu PSO ��{
U
3÷v QoS �cJe¦�Uü$u�õÇ. ,
	, lIO���±wÑ, �©JÑ��{äk�
Ð�­½5.

� � � � � � � � � � � � � � � � �� �� �� �� �� �� ��	
 � ���
ã 4 PSO `z¤�ou�õÇ�S�gê�Cz'X

L 2 PSO ¤� BER!êâ�Ç9ou�õÇ

�ª 1 �ª 2 �ª 3

¤� BER 0.0044 4.878 × 10−4 2.992 × 10−7

¤�êâ�Ç/kbps 145.780 313.75 229.531

¤�ou�õÇ/dBm 15.3172 18.5893 21.1102

IO� 0.0309 0.8256 0.6811

5 ( Ø

ÉÚ@�Ã�>´�«�3¢yÉÚÏ&�
@�Ã�>Eâ. �
¦�UJpUþ�Ç, ü$
Uþ�Ñ, ÉÚ@�Ã�>I��â	Ü�¸I¦
g·AN�ó�ëê±Ï¦�Z�ëê|Ü. �©
JÑ
ÉÚ@�Ã�>g·AëêN�¯K�.,
¿JÑ
Äuâf+�{�N��{, JÑ
g·
AïþÅ�, ÏL�ýé¤J�{5U?1
©Û.
(JL²�©¤J�{þU3÷v QoS �¦�c
Je¦�U~�XÚo�u�õÇ, l
��
ü
$Uþ�Ñ�8�, k|u�o�¸.
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Parameter adaptation in green cognitive radio∗
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Abstract
The model for parameter adaptation problem in green cognitive radio and a particle swarm optimization based solution are

proposed. Simulations are conducted to show the performance of the proposed method. Results show that given different quality
of service (QoS) requirements, the proposed method can reduce the total transmit power of the system while maintaining the QoS
requirements. Thus the goal of reducing energy consumption is reached.
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