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ÜnÀJE£�Ñ\&Ò´UÄ¼�Ð�E£(J�'���"�

¦XÚ´�E£�§Ñ\&Ò7L÷v�½�^�§Ù�$�¦´3E
£�mSXÚ�Ä�7L�Ñ\&Ò±Y-y"�Ò´`§3Á�Ïm
Ñ\&Ò7L¿©-yXÚ�¤k��"�?�Ú§Ñ\&Ò�ÀJA
U¦�½¯K�E£�.°Ý�p§ùÒÚÑ
�`Ñ\&Ò��O¯
K"
Goodwin and Payne(1977)�ÑµXJ�.(�´�(�§�ëê�O
�θ̂´Ã �����O§Këê�O�θ̂�°ÝÏLFisher&EÝ

Mθ�6uÑ\&Òu(k)"�`Ñ\&Ò´äkóÀªg�'¼ê�
&Ò§=

1

N

N∑
k=1

u(k − i)u(k − j) =

{
1, i = j
0, i 6= j

�Né��§xD(½MS��Cq÷vù��¦¶�NØ��§¿�
é¤k�NÑUé�ù«Ñ\&Ò"
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(1)Ñ\&Ò�õÇ½ÌÝØ¨L�§±�¦XÚó�3��5«§��
ØAL�§±�&D'��§��K�E£°Ý¶

(2)Ñ\&ÒéXÚ�/C6Ä0��§=A¦�K�6ÄÅ¬A�þ
�¶

(3)ó§þ�Bu¢y§¤�$"

E£¥~^�Ñ\&ÒkxD(½��Å&Ò"
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� 1. MS���)�5�

� 2. M3S���)�5�
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3.1��ÅS�
��ÅS�(Pseudorandom Sequences)´�«éÐ�E£Ñ\&Ò§§ä
kCqxD(�5�§Ø=�±�yk�Ð�E£�J§
�ó§þq
´u¢y"

��ÅS�nØ®2�A^uÏ&!X�!�Ê!�èÆ!(Æ!1Æ
ÿþ!êi�lXÚ!�äXÚ�æ�ä�NõEâ+�§3XÚE£
+�§�ÊH^�
��ÅS�"e¡0��E£k'���ÅS��
�)95�"
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3.1��ÅS�
��ÅS�(Pseudorandom Sequences)´�«éÐ�E£Ñ\&Ò§§ä
kCqxD(�5�§Ø=�±�yk�Ð�E£�J§
�ó§þq
´u¢y"

��ÅS�nØ®2�A^uÏ&!X�!�Ê!�èÆ!(Æ!1Æ
ÿþ!êi�lXÚ!�äXÚ�æ�ä�NõEâ+�§3XÚE£
+�§�ÊH^�
��ÅS�"e¡0��E£k'���ÅS��
�)95�"
3.1.1 MS���)�5�
MS�=� ª���Ý�5�"£ M�ìS�§´��Å� ªS
�(P.R.B.S)�{ü��«§§d�k�5�"Ü6>´�£ M�ì�
)"
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£   M � ìdr� ä k £   õ U �> u ìG é 
 ¤ § X ã ¤
«§(an−1, an−2, . . . , an−r)�¤��G�"ã¥z��µL«��>u
ì§�µS�êèL«T>uì��cG�(ÑÑà)�0½1"Ð©G��
?¿�½"3£ óÀe§>uì�#�G�ò�u�5�Ñ\§£ 
M�ìÒòêè(an−1, an−2, . . . , an−r)�m²£� "ò�?G�¥��
Ü©G�?1�2\§�"�1�?�Ñ\àan§Xã¤«"
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@o§3£ �¨óÀ��^e§Ò����Ã���±Ï5� ª
S�"ã¥�"XêCi = 0½1§©OL«1i�ë�½Øë�Ü6|
Ü§{an}�Ïª�

an = c1an−1 ⊕ c2an−2 ⊕ . . . cran−r =
r∑

i=1

⊕cian−i (1)

Ù¥⊕L«�2\§
∑
⊕L«�2\\"
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@o§3£ �¨óÀ��^e§Ò����Ã���±Ï5� ª
S�"ã¥�"XêCi = 0½1§©OL«1i�ë�½Øë�Ü6|
Ü§{an}�Ïª�

an = c1an−1 ⊕ c2an−2 ⊕ . . . cran−r =
r∑

i=1

⊕cian−i (1)

Ù¥⊕L«�2\§
∑
⊕L«�2\\"

~3.1 �k��o?£ M�ì§c1 = c2 = 0§c3 = c4 = 1"=�"Ü6
�an = an−3 ⊕ an−4"Á�Ñ{an}"
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@o§3£ �¨óÀ��^e§Ò����Ã���±Ï5� ª
S�"ã¥�"XêCi = 0½1§©OL«1i�ë�½Øë�Ü6|
Ü§{an}�Ïª�

an = c1an−1 ⊕ c2an−2 ⊕ . . . cran−r =
r∑

i=1

⊕cian−i (1)

Ù¥⊕L«�2\§
∑
⊕L«�2\\"

~3.1 �k��o?£ M�ì§c1 = c2 = 0§c3 = c4 = 1"=�"Ü6
�an = an−3 ⊕ an−4"Á�Ñ{an}"

eÐ©G��(an−4, an−3, an−2, an−1) = (0, 0, 0, 0)§KÑÑ��"S�"
eÐ©G��(1, 1, 1, 1)§KÑÑS��
1 1 1 1 0 0 0 1 0 0 1 1 0 1 0 1 1 1 1· · ·
±Ï�15"
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do?£ M�ì�)�S�±ÏØ�U�L24 = 16§
�"Ð�qò
���"S�§ù«�¹ØAÑy"�o?£ M�ì¤U�)�S�
���±Ï�U´15"

qeÐ©G��(0 0 0 1)§KÑÑ�0 0 0 1 0 0 1 1 0 1 0 1 1 1 1· · · �ØL
´c�«S��²£
®"

éur?£ M�ì§��·�/ÀJ�"Ü6§ÒU�)���Ý
�2r − 1�� ª±ÏS�§=MS�"
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½Â3.2 �2�þ�"Ü6�ª(1)�£ M�ì§ÙA�õ�ª½Â�

F (x) = 1⊕
r∑

i=1

⊕cix
i ci = 0, 1 (2)

w,§��£ M�ì��"Ü6$���(½
§�A�õ�ª§�
�½,"�o��A�õ�ªU�)MS�Qº
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½Â3.2 �2�þ�"Ü6�ª(1)�£ M�ì§ÙA�õ�ª½Â�

F (x) = 1⊕
r∑

i=1

⊕cix
i ci = 0, 1 (2)

w,§��£ M�ì��"Ü6$���(½
§�A�õ�ª§�
�½,"�o��A�õ�ªU�)MS�Qº

½n3.1 �)MS��õ�ªF (x)7�Ø��õ�ª"
¤¢Ø��õ�ª§=ØUòF (x)©)���±þõ�ª�¦
q�y
ù
õ�ª�Xê�knê"
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½Â3.2 �2�þ�"Ü6�ª(1)�£ M�ì§ÙA�õ�ª½Â�

F (x) = 1⊕
r∑

i=1

⊕cix
i ci = 0, 1 (2)

w,§��£ M�ì��"Ü6$���(½
§�A�õ�ª§�
�½,"�o��A�õ�ªU�)MS�Qº

½n3.1 �)MS��õ�ªF (x)7�Ø��õ�ª"
¤¢Ø��õ�ª§=ØUòF (x)©)���±þõ�ª�¦
q�y
ù
õ�ª�Xê�knê"

½n3.2 eF (x)�rgØ��õ�ª§K�)�S�±ÏNp7kNp|2r − 1
(=2r − 1�Np�Ø)"
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íØµeF (x)�rgØ��õ�ª§�2r − 1��ê�§K�)�S�
�MS�"

®²y²§�r = 2, 3, 5, 7, 13, 17, 19, 31, 61, 89�ê�§2r − 1��ê"
�r�Üê�§2r − 17�Üê§���±�)MS�"�������
(Ø§·�Ú\��õ�ª�Vg"
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íØµeF (x)�rgØ��õ�ª§�2r − 1��ê�§K�)�S�
�MS�"

®²y²§�r = 2, 3, 5, 7, 13, 17, 19, 31, 61, 89�ê�§2r − 1��ê"
�r�Üê�§2r − 17�Üê§���±�)MS�"�������
(Ø§·�Ú\��õ�ª�Vg"

½Â3.3 rgØ��õ�ªF (x)§eéz��u2r − 1���ês§Ñ
kF (x) † xs ⊕ 1§K¡F (x)�rg��õ�ª"(†L«ØU�Ø)
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íØµeF (x)�rgØ��õ�ª§�2r − 1��ê�§K�)�S�
�MS�"

®²y²§�r = 2, 3, 5, 7, 13, 17, 19, 31, 61, 89�ê�§2r − 1��ê"
�r�Üê�§2r − 17�Üê§���±�)MS�"�������
(Ø§·�Ú\��õ�ª�Vg"

½Â3.3 rgØ��õ�ªF (x)§eéz��u2r − 1���ês§Ñ
kF (x) † xs ⊕ 1§K¡F (x)�rg��õ�ª"(†L«ØU�Ø)

½n3.3 r?�5£ M�ì�)MS��¿�^�´§�A�õ�
ªF (x)���õ�ª"
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�)MS����õ�ªXL3.1¤«§L¥ci = 1�i�=ë��"�
?"éuL3.1�½�é(�ª§�^ª(??)3O�Åþ4í�)Ñ�
?MS�"

L3.1�)MS����õ�ª

r i(Ci = 1) Np

3 2,3 7
4 3,4 15
5 3,5 31
6 5,6 63
7 4,7 127
8 2,3,4,8 255
9 5,9 511
10 7,10 1023
11 9,11 2047
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e¡?ØMS��5�µ
1)dr?�5�"£ M�ì�)�MS�§±Ï�Np = 2r − 1.

2) MS����±ÏNp¥§k(Np + 1)/2�/10§(Np − 1)/2�/00"
=/00Ú/10¦���U��"

3)XJrS�¥ëYÑy�i�/00½/10¡����Ý�i�i§§
@o��±Ï¥(�/10Ð�)§i§oê�2r−1�§Ù¥/00i§Ú
/10i§�Ó��§1 ≤ i ≤ r − 2�§�Ý�i�i§êÓoi§ê
�1/2i§�Ý�r − 1�/00i§Ú�Ý�r�/10i§���"

4) £ �\A5µMS�{an}�§�£ τ��S�{an−τ}U �2\
�§E�Ó��mS�(�,�£ )"
~3.2 ��4?MS�
1 1 1 1 0 0 0 1 0 0 1 1 0 1 0 1 1 1 1 · · ·
�Ùò´7bit�S�
0 0 1 1 0 1 0 1 1 1 1 0 0 0 1 0 0 1 1 · · ·
U �2\§��#�S�
1 1 0 0 0 1 0 0 1 1 0 1 0 1 1 1 1 0 0 · · ·
�´M S�§ØL'�MS�ò´
13bit"��§§�´£ �d�"
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5)z�sÚæ�§E��MS�§(s, Np) = 1.

3E£¥§Ü6/00éAu/−a0§Ü6/10éAu/+a0§��Ì
��a�lÑÑ\&Ò{xi}.

6)g�'¼êA5µMS�xi�g�'¼ê�

Rxx(τ) =
1

Np

Np∑
i=1

xixi−τ =

{
a2 τ ≡ 0(mod Np)

− 1
Np

a2 τ 6= 0(mod Np)
(3)
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3.1.2 M3S���)�5�
M3S�=n ª���Ý�5£ M�ìS�§´�«��Ån ªS
�"|¤£ M�ì���>uìäkn«G�/00,/10,/20§�
5�"Ü6|Ü$�´�3\{"

½Â3.4 �3�¥�A�õ�ª§

F (x) = 1	3

r∑
i=1

⊕3cix
i ci = 0, 1, 2 (4)

ª¥	3L«�3~§
∑
⊕3´�3\\§�A��"Ü6�

an =
r∑

i=1

⊕3cian−i (5)

½n3.4 �)M3S��¿�^�´F (x)���õ�ª(�3�)"
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L3.2�)2 ∼ 7?M3S���"Ü6Xê

r 2 3 4 5 6 7

Ci(Cr 6= 0) 1,1 0,1,2 0,0,1,1 0,0,0,1,2 0,0,0,0,1,1 0,0,0,0,1,0,2
2,1 1,0,2 0,0,2,1 0,0,1,2,2 0,0,0,0,2,1 0,0,0,0,2,1,2

Np 8 26 80 242 728 2186

~3.3 F (x) = 1 	3 x2 	3 2x3��3�þ�3g��õ�ª§�A��)Ï
ªµ

an = an−2 ⊕3 2 · an−3 (6)

�)�S��0 0 1 0 1 2 1 1 2 0 1 1 1 0 0 2 0 2 1 2 2 1 0 2 2 2 0 0 1· · · ,±Ï
�Np = 26.
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M3S��5�Xeµ
1)drg�3�þ���õ�ª�)�M3S�§Ù±Ï�Np = 3r − 1.

2) M3S����±ÏNp¥§/00��ê�3r−1 − 1§/10Ú/20��
ê��3r−1.

3) � � ± Ï ¥(� /10 Ð �)§ i § o ê �2 ∗ 3r−1� § Ù ¥
/00,/10,/20i§ê�Ó1/3§�Ý�i�i§ê(1 ≤ i ≤ r − 2)Ó
oê�2/3i§�Ý�r−1�/10Ú/20i§�k��§/00i§2�§
�Ý�r�/10Ú/20i§���§/00i§Ã"

4) £ �\A5µM3S�{an}�§�£ τ��S�{an−τ}U �3\
�§E�Ó��M3S�(�,�£ )§Ø
£(3r − 1)/2�	"

5)æ�5�µz�sÚæ�§E��M3S�§sÚNpp�§=(s, Np) = 1.
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3E£¥§Ü6/00���>²/00§/10���>²/+a0§
/20���>²/−a0§����Å&Ò{xi}.

6)g�'¼êA5µM3S�{xi}�g�'¼ê�

Rxx(τ) =
1

Np

Np∑
i=1

xixi−τ =


2
3(1 + 1

Np
)a2, τ ≡ 0(mod Np)

−2
3(1 + 1

Np
)a2, τ =

Np

2 (mod Np)

0, Ù§

(7)

7)±Ïþ��0.

1

Np

Np∑
i=1

xi = 0 (8)

8)_­E5" xi+Np/2 = −xi§é∀i.
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3.1.3_­EMS�
_­EMS�Ò´òMS���©ª£ �¨óÀ�ÅU �2\���
�S�"

~3.4 ®��2�þ���õ�ª1	 x2 	 x3§éA�)±Ï�7�MS�
�1 1 1 0 0 1 0· · · ,TS���ÅU �2\§

1 1 1 0 0 1 0 1 1 1 0 0 1 0· · ·
⊕ 1 0 1 0 1 0 1 0 1 0 1 0 1 0· · ·

0 1 0 0 1 1 1 1 0 1 1 0 0 0· · ·

ù����±Ï�14�#S�"3¢SA^¥§r/00�¤>²
/−a0§/10�¤>²/+a0§K���lÑ�±Ï&Ò{xi}"c�±
ÏTÐ´��±Ï�_­E§Ï�§
uMS�§¤±¡�_­EMS
�"
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_­EMS��5�µ
1)_­EMS��±ÏNp´�MS��2�§=Np = (2r − 1) · 2.
2)_­E5"=xi+Np/2 = −xi§é∀i.
3)±Ïþ��0"

1

Np

Np∑
i=1

xi = 0 (9)

4)_­EMS�{xi}��MS�{x0
i}´pØ�'�"

Rxx0(τ) =
1

Np

Np∑
i=1

xix
0
i−τ = 0 (10)

5)g�'¼êA5µ_­EMS�{xi}�g�'¼ê�

Rxx(τ) =
1

Np

Np∑
i=1

xixi−τ =


a2 τ ≡ 0(mod Np)

−a2 τ =
Np

2 (mod Np)

− 2
Np

a2 τ = 2k, k = ±1,±2, · · ·
2

Np
a2 τ = 2k + 1, k = ±1,±2, · · ·

(11)
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3.2ëY.��Å&Ò
3XÚE£¥§Ø
A^c¡¤ã��«��ÅS�	§�A^§�
�ëY&Ò/ª"ò��ÅS�3z�lÑ:þ�G�>²��±�Ý
�4t��m§�e��>²�5§ùÒ��
�ëY.��Å&Ò§±
Ï�Tp = Np4t"

X±Ï�15�MS�§ÙëY.��Å&ÒK�ã¤«"

eP��Å&Ò�{Uk}§�A�ëY&Ò�{U(t)}"@o§�k4t ≤ t <
(k + 1)4t�§U(t) = Uk"
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3.2.1ëY.��Å&Ò�g�'¼ê
ëY.��Å&Ò�g�'¼ê½Â�

Ruu(τ) =
1

Tp

∫ Tp

0
u(t)u(t + τ)dt (12)

5¿§ùp�t < 0�§U(t) 6= 0"k

Ruu(τ) = Ruu(−τ) (13)

w,§�τ�4t��ê��§=τ = k4t�§k

Ruu(k4t) = Ruu(k) (14)

�k4t ≤ τ < (k + 1)4t�§�τ = k4t + l, 0 ≤ l < 4t§ù�§�±y²

Ruu(τ) = Ruu(k) + [Ruu(k + 1)−Ruu(k)] · l/4t (15)

=Ruu(τ)���3(k4t, Ruu(k))Ú((k + l)4t, Ruu(k + l))ü:�mëY�
�þ"
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½n3.5 2ÂëY.��Å&Ò�g�'¼ê�

Ruu(τ) =

[
1

4t

∫ 4t−l

0
x(t)x(t + l)dt

]
Ruu(k)+

[
1

4t

∫ l

0
x(t)x(t− l)dt

]
Ruu(k+1)

(16)
�k4t ≤ τ < (k + 1)4t�§�τ = k4t + l, 0 ≤ l < 4t§
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3.2.2ëY.��Å&Ò�õÇÌ�Ý
õÇÌ´£ã&Ò�­�A���§ÙÔn¿Â´µéu?Û&Ò§·
�ò§©)¤eZ�(½Ã��)ØÓªÇ��u&Ò©þ"ù
�uÅ©
þ�õÇÌ�ÙªÇ�éA'X=�&Ò�õÇÌ"

éuëY&Ò§�LòÙUTaylor?êÐm§=���õÇÌ"ù´��
��{§�é��ÅS�5`§du&Ò�Czäk�½�/�Å0Ï
�§éJ^,�Ú��êÆúªL�Ñ5"

¦�&ÒõÇÌ�,�«�{´|^�g�'¼ê�'X§=

Φuu(jω) =

∫ ∞

−∞
Ruu(τ)e−jωτdτ (17)

þª¡�Wiener–Khintchineúª§=&Òu(t)�õÇÌΦuu(jω)´g�'
¼êRuu(τ)�FourierC�"dù�úª���
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(1)éuëY.MS�&Ò§ÙõÇÌ�

Φuu(jω) =
1

N2
p

P0δ(ω) +
Np + 1

N2
p

P0

[
sin(ω4t/2)

ω4t/2

]2 ∞∑
i=−∞

δ(ω − iω0) (18)

Ù¥δ(ω)�(Dirac)δ¼ê"

http://www.nudt.edu.cn


3.1��ÅS�

3.1.2 M3S���)� . . .

3.1.3_­EMS�

3.2ëY.��Å&Ò

3.2.2ëY.��Å& . . .

Home Page

Title Page

JJ II

J I

Page 25 of 26

Go Back

Full Screen

Close

Quit

��§MS��ëY.&Ò�õÇÌ´�lÑ�Ì§�3ÄÅªÇω0 =
2π/Tp��ê�ªÇω = iω0þ��"��B§�òδ(·)U�(Kronecker)δ–
¼ê§=

δ(ω) =

{
1 ω = 0
0 ω 6= 0

(19)

ù�Φuu(jω)¤L«�´&Ò�õÇÌ�Ý§3�ªÇ:?äkk��Ì
Ý"

AO/§�ω = 0.443Npω0�§õÇÌ�Ý���ω = ω0���eü��
���70.71%§=eü
n©�(db)"·�rù��ªÇ¡���ªÇ"

q�ω = 0�§õÇÌ�Ý��k 2π
N2

p
P0§��$uω = ω0���"

Ïd§MS�ëY.&Ò�k�ª�´

ωe = ω0 ∼ (0.443Np)ω0 (20)
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(2)éuM3��ÅS�ëY.&Ò§ÙõÇÌ�Ý�

Φuu(jω) =
2

Np
P0

[
sin(ω4t/2)

ω4t/2

]2 ∞∑
i=−∞

δ[ω − (2i + 1)ω0] (21)

Ó(1)aq§k�ª��ωe = ω0 ∼ (0.443Np)ω0.

(3)_­EMS�ëY.&Ò�õÇÌ�Ý�

Φuu(jω) =
2

Np
P0

{ ∞∑
i=−∞

Np + 2

Np

[
sin(ω4t/2)

ω4t/2

]2

δ[ω − (2i + 1)ω0]

−
∞∑

i=−∞

[
sin(ω4t/2)

ω4t/2

]2

δ

[
ω − (2i + 1)

Np

2
ω0

]}

3ω0 = 2π/Tp�Ûê�ªÇ?��§&Ò�k�ª��ωe = ω0 ∼
(0.443Np)ω0.
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