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1 ¯̄̄KKKããã(ÑÑÑ)

2 ^̂̂���bbb���

1. NÝ¥%3�½�c�ã>�$1�NÝOy�§Ø�ÄT�ãS>�u)�æ��
U¶

2. AGC 9ÏÑÖI�¢�NÝ§3�½NÝOy�6Ø�Ä AGC NÝ�¢�¶
3. @����NÝ·-]��¤§Ø�ÄNÝò�¶
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8. Ø�Ä>��>U�Ñ"

3 ÎÎÎÒÒÒ`̀̀²²²
giµ 1 i �u>Å|Ñå�NÝ�§ü µMW§i = 1, 2, . . . , 8¶
gi0 µ �cãm©��1 i �u>Å|�¢SÑå§ü µMW¶
liµ 1 j ^�´þ�kõ�6�§ü µMW§j = 1, 2, . . . , 6¶
aij µ 1 j ^�´þkõ�6'u1 i �Å|Ñå���5Xê¶
bjµ 1 j ^�´kõ�6'u�Å|ÑåCqúª¥�~ê�¶
mjµ 1 j ^�´þkõ�6��S���§ü µMW¶
rjµ 1 j ^�´þkõ�6��éS�üÝ£z©ê¤¶
ηjµ ¦^S�üÝÑ>�§1 j ^�´�éS�üÝ�|^Ç¶
viµ 1 i �u>Å|�÷·�Ç§ü µMW / ��¶
gmiµ 1 i �u>Å|�uÑå�þ�§ü µMW¶
pi(gi)µ 1 i �u>Å|Ñå� gi �§��ãSéA�ãd§ü µ�/MWh¶
pM µ ��d§ü :�/MWh¶
PLµ ,��ã�KÖýÿ�§ü µMW¶
Eµ {l¤^§ü µ�¶
∆tµ z��ã��mm�£K¥� 1/4 ��¤§ü µ��¶

4 ¯̄̄KKK©©©ÛÛÛ
4.1 ¯̄̄KKK���µµµ���nnn)))
>UDÑ�§duÑ>�´DÑNþ���§kõ�6�ýé�ØU�LÙS���§Ä

K§òÚåÑ>{l§�9>�S�§d�7Lé�Å|�Ñå©��Y�N�§±�Ø{
l"ù�Ò¬¦�
SSNþ£U©�ýY�A��u>��u>Nþ¤ØUÑå§�
S
	Nþ£¿d¥���u>��u>Nþ¤�½�3$uÙ�d���dþÑå"�
)û|
ÃÀâ§����ÏÑ>{lØUî��1>�5KGÑ�d§éu>ûd3�½¢S�|
Ã����Ö�"	>¤^�	�ù�Ü©�	¤^=�{l¤^"
>å½|±S�Ú²L�8I§j±“S�1�§o�²L”��K§ù�´>å½|5y

�AT�Å��K"
4.2 ���´́́���666���ÅÅÅ|||ÑÑÑååå���'''XXX
d>åXÚ©Û[1]��£�§Ñ>�ä��6©Ù�ûu�äÿÀ(�!�u>Å|�Ñ

å±9KÖI¦"Ï>åXÚ�KÖI¦äk�Å5§Ïd=¦é�½�Ñ>�ä§Å|Ñ
å��ä�6©Ù3Ônþ�vk(½¿Â�¼ê'X§==¥yÚO¿Âþ�5Æ5"
�Ä�K8�½� 32|Å|Ñåêâþ´3�Å|�cÑå�NC�¢��§b����ã
£15©¨¤S�6©ÙØ¬u)âC§·�3ÛÜ�5�b�e§|^õ��5£8¦��´
�6�Å|Ñå�Cq'X§¿3�½�wÍ5Y²eu�£8(J"

4.3 {{{lll¤¤¤^̂̂
Ñu>�S���Ä§{lÑy��ÏLN�Ñå�Y§¦þ;�{l"�N����Y

òk�u½|5K§Úå��Ú���|ÃÀâ"{l¤^��)û½�)ù«|ÃÀâ�'
�Ãã§I��Ä±e�¡µ

1. {lÚåü�¡���µ¦k
Å|�SSNþØUÑå½�Ñå§��ù
Å|A�
�|ÃÉ���¶¦k
Å|�S	Nþ�½±$uÙ�d���d�Ñå§��ÙÏ
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¤�|Ã$uÏ"|ÃE¤��"{l¤^�é±þü«����·��!ú²�Ö
�"

2. N�{l�����Y�½|5KØÎ§>�úi��Ù��5KGÑ�d§�«�1
��{´Ü©�½���Á1½|5K"

3. �
���ÜÀ�é�¤k½|�´ö§�y½|�ú²m�§{l¤^�Ün½Â±
9©�cÙ�"

4.4 ÑÑÑååå©©©������YYY���555yyy666§§§
>å½|±S�Ú²L�8I§�j±S�1���K§{l+n�§A�Åù��

K§U±eÚ½©�ã5yÑå�Yµ

1. O�ýY"�âKÖý�!�Å|��dL!�cÑå�9÷·�Ç§d½|5K¦�
Ñå©�ýY¶eØ�3�1�Ñå©�ýY§K��=\“.¹�>”�ã�5y£�
.¹�>¤¶

2. u�{l"|^®²����6©ÙúªO���´�6§�ä´Äu){l"eØu
){l§K©�ýYÒ´�`Ñå©��Y§�d�{l¤^� 0¶ÄK§?\e�
�ã5y"

3. N�ýY"eÑå©�ýYÚå{l§KAÄk¦�ØÚå{l�²L8I�`£={
l¤^��¤�Ñå©��Y¶Ø�3ù���Y�=\e��ã5y"

4. üÝÑ>"eØ�3Ã{l^�e�Ñå©��Y§K7Lü$S�8I§|^S�ü
ÝÑ>"�Ä�“S�1�”�K§d�AÄk¦�S�8I�`£üÝ|^��¤�Ñ
å�Y§2±�`S�8I��å§¦�S�8IØ$uT�`��^�e§²L8I
�`�Ñå�Y"Ø�3S�8I�`��Y�§=\e��ã5y"

5. .¹�>"eØ�3÷v>��$S��¦£S�üÝØ�u 0¤�Ñå�Y§d�X
JUKÖ��ø>K>�S�ØU�y§¤±7L.¹�>"ù�§A±Ê>�æE¤
������8I§=3S�üÝØ�u 0 �^�e§¦�±�y�oÑå����Ñ
å�Y"

{l+nL§6§ã�N¹ã 1"
4.5 ���ååå^̂̂���
©¥�U�9��«�å©OL�Xeµ

1. KÖI¦�å

Ø
7Læ�.¹�>���~KÖ��/	§>�o�¦þ÷vÎÜI¦§�yÅ|

oÑå�uKÖý��§=µ
8∑

i=1

gi = PL¶

2. Å|÷·�Ç�å

�Ä�Å|÷·�Ç���§¤kÑå©��Y§�k��Å|�÷·�þØ�LÙ3
ü �ãS÷·��þ��§â´�1�§=µ

gi0 − vi∆t ≤ gi ≤ gi0 + vi∆t, i = 1, 2, . . . , 8
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3. Å|�^Nþ��

z�Å|�^Nþþk�þ�� gmi£ãNþ�oÚ¤§Å|�¢SÑåØA�Ñdþ
��§= gi 6 gmi, i = 1, 2, . . . , 8¶

4. Øu){l�^�

Øu){l�§��´�6�ýé�þØ�LÙ�6��§=µ
|lj | −mj < 0, Ù¥ j = 1, 2, . . . , 6;

5. >���$S��y�å

>å½|±>�S��1�8I§?ÛÑå©��Yþ��y>�S�üÝØ�u 0§
ù´>���$�Ý�S��y"=µ

|lj | − (1 + rj)mj 6 0, j = 1, 2, . . . , 6

5 ���...���ïïïááá

5.1 ���666©©©ÙÙÙúúúªªª
dc¡�©Û§·�±K8¤�� 33 |êâ���§|^õ��5£8¦��6©ÙCq

úª"£8�.kª£1¤!ª£2¤ü«§üö�«O=3u´Ä�k~ê�"·�éü«�
.�£8(J3�½�&Y²e�u�§��éü«�.�Ün5�'�?Ø"

5.1.1 £££888���...

lj =
8∑

i=1

aijgi + εj (1)

½

lj =
8∑

i=1

aijgi + bj + εj (2)

Ù¥ εj ∼ N
(
0, σ2

j

)
�Ø��§j = 1, 2, . . . , 6"

^���¦{�Oëê aij Ú bj§��SÒ£ 0*32¤^þIL«§Kµ
é�. (1)§Pµ

Lj =
(
l
(0)
j , l

(1)
j , · · · , l

(32)
j

)T

, G =




g
(0)
1 g

(0)
2 · · · g

(0)
8

· · · · · · · · · · · ·
g
(32)
1 g

(32)
2 · · · g

(32)
8




Aj = (a1j , a2j , · · · , a8j)
T

, Ej =
(
ε
(0)
j , ε

(1)
j , · · · , ε

(32)
j

)T

´��5�§�µ
GT GAj = GT Lj (3)

) (3) =�� Aj ����¦�O§N´y²§�´ Aj �Ã �O"

é�. (2), ^O2Ý
 G = [N
...G] �O G§£Ù¥ N = (1, 1, . . . , 1)T

1×33 L«�� 1 ��
�þ¤§Aj = [bj , Aj ] �O Aj§K Aj �¦{��. (1) L§���Ó"

5.1.2 £££888(((JJJ���uuu���
�
(½ lj � g1, g2, . . . , g8 �m´Ä�3wÍ��5'X§I��â���$^b�u�

5�ä§±(½¦��£8�§´Äkd�"
b�À½�wÍ5Y²� α§é�K§·��éz� j (j = 1, 2, . . . , 6) �±eu�µ

H0 : a1j = a2j = a3j = a4j = a5j = a6j = a7j = a8j = 0
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H1 :éi = 1, 2, . . . , 8 ���3�� aij 6= 0

�±^~^�F u�{ÚR2u�{u�[2]"

5.1.3 ���...¦¦¦)))999???ØØØ
·�^ MATLABÚOóä�éü��.©O�
£89b�u�§Ù¥wÍ5Y²

� α5%"£8Úu��(J�¢~¦)Ü©L 1!L 2"
w,�. (2)�£8�J�'�. (1)n�§,e±�. (2) �£8�.§q���
·

��b�“@��½>�´Õá>�§�Ù¦>��mØ�3õÇDÑ”§Ï�éÕá>�§�
¤kÅ|ÊÅ�§T>�¤��Ã�ä§Ã�ä3��Ù¥õÇ�6ÄAT�"§¤
±~ê�AT� 0"e¡·�Áãéù�y��ÑÜn)º§`²�. (2) �Ün5§±�Ø
ù«“�Ä”"

1. é�½>�§Ù�6©Ù�ûuKÖI¦ÚÅ|Ñå©�§=õÇ´“UI©�”�"Ï
KÖI¦´�C��ÅCþ£�ÅL§¤§ÏÅ|Ñå��6©Ù��3ÚO¿Âþ
�5Æ5"

2. �5£8ïá3ÛÜ�5zb�Ä:þ§=@��6©Ù!Å|Ñå±9KÖI¦áÏ
S�3���«�SCz"�5£8��u3T�«�SrÅ|Ñå��6©Ù�Ï"
'X�^Ù��Cq"TÏ"����UL�:§�Ù,ã���KØ�½L�
:§Ïd§£8�.�k~ê��Ün"

�uþãü:§±eO�þ±�k~ê��£8�§£�. (2)¤§��kõ�6���Å
|Ñå�Cqúª"Ø�~ê���6úª£�. (1)¤e§O��{��aq§�©Ø2K
ã"

5.2 {{{lll¤¤¤^̂̂OOO���555KKK
d“¯K©Û”Ü©é{l¤^�?Ø§·��O
ü«{l¤^�O�5K§�Ä�5K

�(¹5§Ù¥þk�øN��ëê"3�.�?ØÜ©§·�éùü«5y�5U9Ù§5
K�
{ü�&?"

5.2.1 UUU������¤¤¤'''~~~ÖÖÖ������{{{lll¤¤¤^̂̂OOO���555KKK
d5K�Ä{lN�Úå���§¿±�½�'~éÉ�����?1Ö�§Ö��oÚ

=�{l¤^"
{lN�Úå���Ì�5gü�¡§©OL�Xeµ

1. SS�ÑåÜ©µ�UÑå©�ýY1 i �Å|�1 k ãÑå©��� g
(0)
i,k §ãd

� p
(0)
i,k §��d� p

(0)
M (p(0)

i,k < p
(0)
M )§{lN��§Tã©�Ñå� g

(1)
i,k §� g

(0)
i,k > g

(1)
i,k §

K{lN�Úå�TÅ|Tã|Ã����
Ei,k = (p(0)

M − p
(0)
i,k )(g(0)

i,k − g
(1)
i,k )∆t (4)

2. S	õÑåÜ©µ�U©�ýY1 i �Å|�1 k ãÑå�S	Nþ£d�Tã g
(0)
i,k =

0§p
(0)
i,k > p

(0)
M ¤§�{lN��TãÑå©�� g

(1)
i,k > 0"K{lN�ÚåTÅ|Tã|

Ã�����
Ei,k = (p(0)

i,k − p
(0)
M )(g(1)

i,k − g
(0)
i,k )∆t = (p(0)

M − p
(0)
i,k )(g(0)

i,k − g
(1)
i,k )∆t (5)

u´§o���¤kÅ|¤kã����oÚµE′ =
∑
i

∑
k

E′
i,k

o{l¤^do��¦±��'~Xê��µE = γ · E′
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Ù¥µγ ��Nëê§� 0 � 1 m,�·���§dNÝÜ�V�À�"e©��B¦
)§� γ = 1£=��Ö���¤?1O�"

w, (4)!(5) üªk���Ó�L�ª§�Ï{lN�N�c�ÑåvkCz�ã£ù

ã�A:´ãSê���k g

(1)
i,k = g

(0)
i,k ¤Ù���"§Ï E Q�±�éÑå©��3{lN

�c�kCz�ãO���é�ãÚ�O�"£é�ãÚ�O��{l¤^L�ª�{ü§k
|ue©�5y¤"

5.2.2 UUU½½½|||555KKK(((½½½{{{lll¤¤¤^̂̂
d5Ké{lN���Ñå©��Y§¦�U½|5KAG���d§�T��d�©�

ýY(½���d�ò¥����ª��dG�	>¤§¿±üg	>¤����{l¤^"
�oÑå� gt£�uKÖýÿ�§gt = PL¤§U©�ýY��d� p

(0)
M §{lN����

�d� p
(1)
M §�ª��d� p

(2)
M §Kd5KL�Xeµ
o{l¤^ E = ∆t

(
P

(2)
M − P

(0)
M

)
· PL

Ù¥ p
(2)
M = (1− θ)p(0)

M + θp
(1)
M §θ ��Nëê§e©O�¥� θ = 1"

5.2.3 {{{lll¤¤¤^̂̂OOO���555KKK���???ØØØ
'�þãü«{l¤^�O�5K§·�k±e(Øµ

1. 1�«5K�é|ÃÉ��Å|�����½�Ö�§é{lN��ÚåÑå©�Cz
�Å|§Ï{lN�vkéÙÚå��§Ï�ÒvkÖ�"¤±1�«5K�{l¤
^���¹e'��§é���k|"

2. 1�«5K�{ü§�|uÑå�Y�5y"

3. 1�«5Ke§���d¤éA�ã�ÑåCz�§Ïk pi,k = pM §¤± E′
i,k = 0§ò

vkÖ�"�¢Sþéu>�5`§����G�>dpuÙu>¤�§=kJ|"
�dÏ~Ñpu¤�§¤±�TãÑå~��¢Sþ�k��§5K�éd?nØú"

4. �Ä5K��ú²5µéÏS	NþõuÚå���Å|§�±@�Ù���u)�¢
S��§éÏSSNþ�uÚå���Å|§�,A��|ÃÉ���§�§�Ï�
uTÜ©Ñå!�
-�¤^�u>¤�"¤±éÙü Ñå���A�Øu>¤
�"

5.3 ÑÑÑååå©©©���ýýýYYY
Ñå©�ýY´3z��ãm©c�âKÖý�±9�Å|��d!�cÑåÚ÷·�

Ç§d½|�´5K¤(½�"dK8¤£ã��´5K§o�O���m�Ç§Ñå©�ý
Y�¦��{£ãXeµ

Step1µµµ Uãdd����^SÀJ�Å|�ãNþ§��¤k®ÀãNþ�oÚ�uKÖ
ý�� PL§£d��"���À\�ãNþ�U�kÜ©�À¥¤¶

Step2µµµ éz�Å|O�Ù�À�ãNþ�Ú gi§'� gi ��cÑå gi0§

e gi − gi0 > vi ·∆t§K� gi = gi0 + vi ·∆t§¿-I�Cþ flagi = −1¶

e gi − gi0 6 −vi ·∆t§K� gi = gi0 − vi ·∆t§¿- flagi = 1¶

ÄK gi ØC§flagi = 0"
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Step3µµµ e¤k flagi Ñ� 0§Kd� gi =�Ñå©�ýY¥1 i �Å|�Ñå�§(åO
�"ÄK§O�² Step2 N���oÑå g =

∑
i

gi"

Step4µµµ e g = PL§Kd� gi �Ñå©�ýY¥1 i �Å|�Ñå©��§(åO�¶

e g > PL �¤k flagi þ� 1 ½ g < PL �¤k flagi þ� -1§KØ�3�1�Ñå
©�ýY§(åO�¿��=\.¹�>�ã�5y¶

ÄK§= Step5"

Step5µµµ e g < PL§Ké flagi 6= −1 �¤kÅ|���À¥ã�Nþ£Ü©½�Ü¤§U
ãdd���Å�À�§�z���==� Step2¶e g > PL§Ké flagi 6= −1 �¤
kÅ|®À�ãNþ§U�À�^S�_SÅ��Ø§�z���==� Step2"

éK8¤�êâÏL{ü�Ãóö�éN´��Ñå©�ýY£¦)(J�¢~¦)Ü
©¤§é�E,��/§d±þ�{?§ØJ¦�(J"

5.4 {{{lll+++nnn
5.4.1 êêêÆÆÆ���...
3¯K�©ÛÜ©§·��â>�“S�1�§o�²L”��K§®²(½
{l+nL

§Å|Ñå�Y5y�Ä�Ú½§={lu�!N�ýY!üÝu>!.¹�>o��ã�5
y§±e©O?Ø"

1. {lu�

3��Ñå©�ýY�§Äk�u�TÑå©��Y´Ä¬Úå{l"eØu){l§
KdýY=��`�NÝ�Y¶ÄK§�=�e��ãUY5y"

{lu���{´u���´�6©Ù´Ä��§=u�e�Ø�ª´Ä�Ü¤áµ
|lj | −mj < 0, j = 1, 2, . . . , 6 (6)

Ù¥§lj =
8∑

i=1

aijgi + bj

2. N�ýY

N�ýY´3Ñå©�ýYÚå{l�§Ïé�1�Ñå©��Y§¦�3Øu){l
�^�e§{l¤^��§�^±e�.Lãµ

min E

s.t.





8∑
i=1

gi = PL,

|lj −mj < 0,

gi0 − vi ·∆t 6 gi 6 gi0 + vi ·∆t,

gi 6 gmi

(7)

Ù¥§o^�å�¿Â©O�µKÖI¦�å!Ø{l^�!÷·�Ç��!�uõÇ
þ��å¶{l¤^�L�ª®3þ©¥�Ñ"

e�. 7 �3�`)§KT)=��`�Ñå©��Y"ÄK§e 7 ��1���§K
L²vkØu){l��1)§I�=e��ã5y"

3. üÝÑ>
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�. 7 ��1����§L²Ø�3Ã{l^�e�Ñå©��Y§d�7L�Ä|^
S�üÝÑ>"

½Â1 j ^�´�S�üÝ|^Ç ηj �µ|^
��éS�üÝ�T�´o�éS�

üÝ�'�§ηj =
|lj |/mj − 1

rj
£=�´��6ýé� |lj | = (1 + rjηj)mj¤"�Ä��^

�´o�éS�üÝê�þ��O§·�± ηj ��ù��ã�´S��µd�I"�
â“S�²L”�K§ù��ã�5yq�©�ü�Ú½"

(a) kØ�Ä²L8I§±S�üÝ|^Ç���8I§¦��1��S��£�3ü
Ý��¤Ñå©��Y"·�±��´��üÝ|^Ç���8I§ïá±e�
.µ

min
{

max
j

ηj

}

s.t.





∑
i

gi = PL

|lj | − (1 + ηjrj)mj < 0

gi0 − vit 6 gi 6 gi0 + vit

gi 6 gmi

ηj 6 1

(8)

e�. (8) �3�`)£PT�`)éA�üÝ|^Ç� {η∗j }6j=1¤§K=�e�
Ú?1é²L8I�`z"ÄKe�. (8) ��1���§KL²vk�yXÚ�
$S�Y²��1)§d�7L.¹�>"

(b) �. (8) �3�`)�§L²�y>�S�Y²�p£�3üÝ��¤��1Ñå
©��Y�3§��. (8) ¥��Ä²L8I§¤±d�A2±S�8IØü$�
�å§Ïé²L�`£{l¤^��¤�Ñå©��Y"^±e�.£ãµ

min E

s.t.





∑
i

gi = PL

|lj | − (1 + ηjrj)mj < 0

gi0 − vit 6 gi 6 gi0 + vit

gi ≤ gmi

ηj 6 η∗j

(9)

�. (9) ��`)=��`Ñå©��Y"£Ï�. (8) ��`)�½´�. (9)
��1)§¤±e (8) k)K (9) ��1�7��¤"

4. .¹�>

��. (8) ��1����§KL²e�UKÖI¦ø>§KÃ{�y>��S�§d
��UÏL.¹�>�~KÖ"ÏÊ>�æ��é�§3T�ã·�±>�S�Ø$u
�$S�Y²��å§¦���y�oÑå����Ñå©��Y§^±e�.£ãµ

max
∑

i

gi

s.t.





gi0 − vit 6 gi 6 gi0 + vit

gi ≤ gmi

|lj | − (1 + rj)mj 6 0

(10)
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5.4.2 ���...���zzz{{{

1. ýYN��. (7) �z{

·�æ^¯K�¥{l¤^½Â�1�«5K§=
E = max

i
{(pi(gi)− p

(0)
M ) · PL},

�K�ûü�þ G Ã'��§K���/�8I�µmax
i

pi(gi)

,	§�Ä�ÑåCzØ��§�6���KÒØ¬UC"�éK8�Ñ�ê
â§Ñå3Ù÷·�Ç�����S���§�6���KÒ�(¢Ø¬UC§�
��òÐ©¢S�6�K�z^�´£P� j∗¤éA�£8�§Xê�Ü���ê
£−aij∗ → aij∗ i = 1, 2, . . . , 8¤§K��Kýé��å���5�å£e©¤k�.
¥ aij∗ þ�
ù«C�§Ïd¤k�åþ��5�å¤§z{���.�µ

min
{

max
i

pi(gi)
}

s.t.





8∑
i=1

gi = PL,

lj −mj < 0,

gi0 − vi ·∆t 6 gi 6 gi0 + vi ·∆t

gi 6 gmi

þã�.´�5�åe�F¼êx�����¯K"�±��^ MATLAB `zóä�
¦)",§�Ä��F¼ê�FÝ[3]£l2Â¼ê�Ý¤´3mä:?���A�À
-¼ê�U\£�N¹¤§Ù¦«���þ� 0§Ù`z5UéØn�"�d§�é�
F¼ê`z¯K§·�JÑ±e¦)ïÆµ

(a) ¦^�n8I¼ê

Ïé½�E��`z5UûÐ�¼ê§e§��F¼êäkûÐ��5§=äkù
��A:µ�T¼ê��`)�§�F¼ê��g`)§K�T¼ê��n8I"
^�n8I�O�F¼ê8I�5y§���n8I��`)§23T�`)��
�S|¢�F8I�ÛÜ�`)���ª���)"

�n8I��«�E�{´ò�F¼ê1w£'Xæ^�^[Ü¤"

(b) æ^�FÝ`z�{

�F¼ê8IJu`z�'�3uÙFÝ¼êØn�"ÏdØ·u^FÝ`z�{
`z"e¦^�FÝ�{`z§KØI^FÝ¼ê§ÏXJ�{À�·�§AT
U���Ð�)"�Ä��K��.��åþ��5�å§ïÆéüX/{�U
?[6]§�E�FÝ�{¦)"

(c) �éäN¯K�Oéuª�{

i. �Ä��¯K�8I¼ê��F¼ê§�Å|�À^ã�kk�A�"Ïd
3ýYÄ:þ§Uãdd����^SÅ��Þ�¦^ã§�¡Þ|¢£¢S
þ´±ýY�å:���|¢¤§�ØJ��(J"

ii. �Ä��6©Ùúª®²��§3é aij∗ ���C��§w,§e1 j ^�´
�6��= lj > mj§KA`k�Äé {aij} ¥���K�Å|O\Ñå½é�
����Å|~�Ñå§±�Ø{l"dþ�Ú·��O±eéuª�{"
P©�ýY� G0§Ù��d� p

(0)
M §�{£ãXeµ
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Step1µµµ é¤kÅ|��À\ G0£Ü©½�Ü¤�����ã£ãNþ
� 0¤§UéAãdd���Ú�üS§¿USÅ�À�ãNþ£zgÀ�
�¤\\ G0§Pd�1 i �Å|®ÀãNþoÚ� gi∗"

Step2µµµ ±Øu){l!÷v÷·��±9 gi 6 gi∗��å§±Å|oÑå�
8I§¦)±e�55y�.

max
∑

i

gi

s.t.





lj 6 mj

gi0 − vit 6 gi 6 gi0 + vit

gi 6 gi∗
Step3µµµ �äþã�.�)µe

∑
i

gi > PL§= Step4¶ÄK= Step2"

Step4µµµ l�"���À\�ãm©_SN�Ñå���
∑
i

gi = PL§±d�

Ñå©��Y���`�Y§(åO�"
·�^ MATLAB ?§éK8¤��ü«KÖI¦e�êâ¦)§���(J
©OXL 4!L 5¤«"

2. üÝÑ>�.�z{

(a) �. 8 �z{

�. 8��d/L«�Xe��55y�.
min η

s.t.





∑
i

gi = PL

lj − (1 + ηjrj)mj < 0

gi0 − vit 6 gi 6 gi0 + vit

gi 6 gmi

ηj 6 η

0 6 η 6 1
Ù¥ûüCþk 15 � (g1, g2, . . . , g8, η1, η2, . . . , η6, η)"

(b) �. 9 �z{

��. 7 z{¦)�{aq§�´d�õ
�^�5�å
min

{
max

i
pi(gi)

}

s.t.





∑
i

gi = PL

lj − (1 + ηjrj)mj < 0

gi0 − vit 6 gi 6 gi0 + vit

gi 6 gmi

ηj 6 η∗j

3. .¹�>�.�z{

�. 10 �z�Xe��55y�.µ
max

∑

i

gi
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s.t.





gi0 − vi ·∆t 6 gi0 6 gi0 + vi ·∆t

gi 6 gmi

lj − (1 + rj)mj 6 0

Ù¥ûüCþk 8 � (g1, g2, . . . , g8)"

5.5 ���ppp���ÇÇÇ555yyy666§§§£££ÑÑÑ¤¤¤

6 ¢¢¢~~~¦¦¦)))(((JJJ
6.1 ééé¯̄̄KKK������)))���
6.1.1 ���... (1)£££ØØØ���~~~êêê���¤¤¤������555XXXêêê999ÙÙÙuuu���(((JJJ

L1 Ø�~ê���.��5Xê9Ùu�(J

aij(i = 1, 2 · · · , 8)(10−2) R2 F α′ : 10−10

1 [19.382,32.389,14.084,24.792,10.393,32.064,6.7494,13.063] 0.7307 9.6882 85053

2 [7.7276,46.115,10.453,18.548,24.079,12.39,-8.3441,25.564] 0.6213 5.8596 4196100.

3 [-17.89§-21.49,-24.34,-13.62,-0.322,-19.396,5.098,-33.156] 0.8008 14.357 240.85

4 [4.3359,9.4364,26.689,6.9081,7.905,14.548,10.693,16.917] 0.8750 24.996 8.7098

5 [13.411,58.101,4.1388,11.312,9.0764,30.982,-6.9572,15.007] 0.6036 5.4375 6979500

6 [35.901,24.627,1.823,23.298,18.844,21.738,10.674,14.494] 0.7797 12.638 7992.1

L 1 ¥1 j 1éA1 j ^�´"u�(J¥ 1− α′ ��&Ý"

L2 �~ê���.��5Xê9Ùu�(J

aij(i = 1, 2 · · · , 8)(10−2) bj R2 F α′

1 [8.2607,4.7764,5.2794,11.986,-2.5705,12.165,12.199,-0.15179] 110.48 0.99944 5376.8 0

2 [-5.4717,12.75,0.014644,3.3244,8.6667,-11.269,-1.8644, 9.8528] 131.35 0.99957 6970.2 0

3 [-6.9387,6.1985,-15.65,-0.9871,12.467,0.23561,-0.2787, -20.119] -109 0.99986 21788 0

4 [-3.4632,-10.278,20.504,-2.0882,-1.2018,0.56932,14.522, 7.6336] 77.612 0.99988 24424 0

5 [0.03271,24.283,-6.471,-4.1202,-6.5452,7.0026,-0.38961, -0.917] 133.13 0.99953 6433.9 0

6 [23.757,-6.0693,-7.8055,9.2897,4.6634,-0.029128,16.64, 0.0388] 120.85 0.99981 16029 0

6.1.2 ���... (2)£££���~~~êêê���¤¤¤������555XXXêêê999ÙÙÙuuu���(((JJJ
6.2 ééé¯̄̄KKK������)))���
�©�O
ü«{l¤^O�5K§¿éÙ`��
�[?Ø"äN[!��.ïáÜ

©"
6.3 ééé¯̄̄KKKnnn���)))���
ý�KÖI¦� 982.4MW ��©�ýYXL 3"
6.4 ééé¯̄̄KKKooo���)))���
ý�KÖI¦� 982.4MW ��©�ýY£L 3¤§Ù{lu�(J9N����ªÑå©

��Y©OXL 4§L 5 ¤«"
Ù¥{l¤^ 1!2 ©O´^{l¤^5K�!�¦��"
6.5 ¯̄̄KKKÊÊÊ���¦¦¦)))(((JJJ
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ý�KÖI¦� 1052.8MW �©�ýY!{lu�(J9�ªÑå©��Y©OXL 6§
L 7§L 8¤«"

L3 ©�ýY

Å|Ò 1 2 3 4 5 6 7 8

Ð©Ñå£î�¤ 120 73 180 80 125 125 81.1 90

Ñå©�ýY£î�¤ 150 79 180 99.5 125 140 95 113.9

�d£�¤ 252 300 233 302 215 252 260 303

#N÷·�£î�¤ 33 15 48 19.5 27 30 21 27

¢S÷·�£î�¤ 30 6 0 19.5 0 15 13.9 23.9

��d£�¤ 303

L4 {lu�(J

�´ 1 2 3 4 5 6

�� 165 150 160 155 132 162

�6©Ù 173.3047 141.0049 -150.9235 120.9114 136.8265 168.519

��� 8.3047 -8.9951 -9.0765 -34.0886 4.8265 6.519

L5 N����Y

Å|Ñå£î�¤ [153,86.87, 228, 90.1124, 152, 95.3222, 60.1,117]

#N÷·�£î�¤ [33,15,48,19.5,27,30,21,27]

¢S÷·�£î�¤ [33,15,48,10.11,27,-29.69,-21,27]

�6��£î�¤ [165,150,160,155,132,162]

¢S�6©Ù£î�¤ [165,150,155.26,124.51,131.51,159.53]

��d£�¤ 495

{l¤^1£�¤ 3183.1

{l¤^2£�¤ 47155

L6 ©�ýY

Å|Ò 1 2 3 4 5 6 7 8

Ð©Ñå 120 73 180 80 125 125 81.1 90

Ñå�Y 150 81 218.2 99.5 135 150 102.1 117

�p�d 252 320 356 302 310 305 306 303

��d 356

L7 {lu�

�´ 1 2 3 4 5 6

�� 165 150 160 155 132 162

�6©Ù 177.24 141.17 156.15 129.74 134.83 167.06

��� 12.24 -8.83 -3.85 -25.26 2.83 5.06
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5µ����KL«T�´�u){l"

L8 N���Ñå©��Y�Y

Ñå�Y£î�¤ [153,88,228,99.5,152,155,60.3,117]

�p�d£�¤ [489,495,356,302,510,380,120,303]

#N÷·�£î�¤ [33,15,48,19.5,27,30,21,27]

¢S÷·�£î�¤ [33,15,48,19.5,27,30,20.8,27]

�6��£î�¤ [165,150,160,155,132,162]

¢S�6©Ù£î�¤ [173.4093,143.5833,155.2113,124.6828,135.2969,160.4221]

�éS�üÝ|^Ç [39.2%,12.3%,4.25%,-85.16%,30.23%,19.29%]

��d£�¤ 510

{l¤^1£�¤ 1962.3

{l¤^2£�¤ 40533

7 ooo(((µµµddd

�©éú²m�½|^�eÕá>��Ñ>{l+n¯K�
�.ïÄ"©Ù�Ì�`:
´µ

1. 3ÛÜ�5b�e§é�k~ê�Úvk~ê���5£8�.©O�
£8©ÛÚ[
��b�u�§¿±£8�§���6©ÙÚÑå©��Cqúª¶

2. �â>åXÚ©Û��µ�£§�²
>��6©Ù�Å|Ñå�kÚO5Æ5§Ï
�k~ê��£8�.�Ün¶

3. Ñué{lN�K��ü«�Ä§�O
ü«{l¤^O�5K§¿éÙ�
�[�'
�`²¶

4. �â½|5K§o�O���m�Ç§|^48üÑ��
{ü´1�Ñå©�ýYO
��{¶

5. 3{lN��ã§U>�“S�1�§o�²L”��K§JÑ©�ã£�o��ã¤U
Ú½5y�O�6§§¿é��5y�ã©Oïá
êÆ�.¶

6. é��5y�.�
¿©�z{§¿éÙ¦)�{�
`²¶

7. ÑuO��Ç��Ä§JÑ± Huffman ä��ûüä�p�5y6§§¿é�
Eâ[
!�
U?¶

8. 3N¹¥�Ñ
�
;.O�5K�6§ã§l2Â¼ê�Ýé�F¼ê�êÆ©Û5
U�
?Ø§¿�Ñ
¦)ïÆÚü«éuª�{"

Ì�":Ly3µÏ;��£"y§vk(Üy1�A«;.�>å½|$E�
ª[7]£X Pool �ª!V>�´�ª�¤�A:�Ñ�Ün�{l+n�{¶é{l¤^
�©�¯K?Ø�Ø¿©"
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A Management Model for Transmission Congestion in Power Market

YANG Shuang-hong, LIU Gang, YAN Qi

(Wuhan University, Wuhan 430072 )

Abstract: In this paper, on the basis of an open and competitive market, model is developed to study the

management of transmission congestion in an independent power system. Firstly, under the assumption of local

linearization, the approximate formula for the relation of the power flow distribution to the machine output is

derived by multivariate linear regression. Both the models with and without constant-term are considered and

tested. Furthermore, according to the knowledge from power system analysis, we demonstrate that the model

with the constant-term is more reasonable. Considering the effect of the congestion adjustment, we design two

rules for calculating congestion cost and make detailed comparison between them. According to the transaction

rule of the power market and accounting for the computation efficiency as well, we use the recursion strategy

to figure out a simple and feasible method for the preliminary scheme of output allocation. This article pro-

poses a four-stage computation strategy for the congestion adjustment, which is: congestion check, pre-scheme

adjustment, margin transmission and load limitation. In the first stage, a group of inequalities are judged; the

second stage is to program with the objective of minimum congestion cost; in the third stage, our first target

is the minimum occupancy of the margin, then the objective is the lowest congestion cost while the occupancy

remains the same if no less than. In the last stage, assuring the lowest security level, the objective is maximum

output. After simplification, all models are linear except the second one, which is a staircase function maxi-min

programming subjected to linear constraint condition. Also, we find that the procedure is most efficient if the

Huffman tree is used as the decision tree. In this case, only a few simple rules are needed to determine which

stage ought to be carried on instead of doing step by step. Last but not the least, we study the programming

performance of staircase function from the perspective of generalized function, and we propose two simple heuris-

tic algorithms and other suggestions for the optimization problem whose objective is staircase function. The

methods proposed in this paper are clear and efficient. However, for the lack of the professional knowledge, we

do not give reasonable congestion management method for some current typical patterns of the power market.

Keywords: power congestion management; multivariate linear regression; programming flows by stages; effi-

cient programming flow of Huffman decision tree; heuristic algorithms
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