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r(k) = Ad(k)c(k) cos[(ω0 + ωd)k] + n(k) . (1)
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 A 
F	H�
 d(k) 
�U�J	
 c(k) 
Æa-I
 ω0 
Zp)9Vp>

ωd 
*t��UVp>
 n(k) 
v/ZS�0-�')9}2 I �H2 Q -9B4

cos[(ω0 + ωd)k + φ] � sin[(ω0 + ωd)k + φ] �q}HUNp,0p��|�9�/B�'�9|�9�
�C0-9��8�� I � Q -9�/BG


Ik =

kL
∑

i=(k−1)L

Ad(iTc) cos(∆ωiTc + φ)c(iTc)c(iTc − τ), (2)

Qk =

kL
∑

i=(k−1)L

Ad(iTc) sin(∆ωiTc + φ)c(iTc)c(iTc − τ), (3)wZ
 Tc 
Io��
 ∆ω = (ω
′

0 − ω0) + (ω
′

d − ωd) 
I�pM
 φ 
')9b:2�
'ÆI
 ĉ(i) = c(iTc − τ) 
 τ 
'I4^G�4f
 L 
�>IoN
62s/BT�
iO�Æ2s4
 L 6
t\ÆIau_Io�N\�|YCÆI�'ÆI�Æ'y4
 τ = 0 
 ĉ(i) = c(iTc) 
qr;=D9��Æ k m/B�'��r;lL

Yk = I2

k + Q2
k . (4)' M \ Yk L	
r~y��=&�DJ�:.
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0n.F?ÆI�8s�UsU>��; (2)−(4) �y�
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�

Yk = 2A2
kL
∑

i=(k−1)L

kL
∑

j=(k−1)L

cos[∆ω(i − j)Tc] . (5)�KI�pM'r;=�GD9z����B��8 [2] 
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r(k) 
w3s;�}; (1) 
+'*t�pwq:.
 ω̂d 
5�

I + jQ =

L
∑

i=1

r(k)exp[−j(ωc − ω̂d)(iTs)] . (6)
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+>E� FLLbrp>
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r(t) = s(t) + n(t)

= Re
{√

2Ad(t)c(t)ej(ω0+ωdt+φd)
}

+ Re
{√

2n(t)ej(ω0t+ωdt+φd)
}

,
(7)wZ
Re 3=
w��	Z�6C
A 
)9H��BL
 c(t) 
�UÆI
ωd �φd B4
*t�pM�2M
 ω0 
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f(k) = IP (k − 1)QP (k) − IP (k)QP (k − 1), (8)wZ
 IP (k) = Ad(k) cos(φ(k)) 
 QP (k) = Ad(k) sin(φ(k)) 
 φ(k) = ωdTK + θ0 �;Z
 θ0
b:2�
 T 
�UJ	au�fy
f(k) = A2d(k − 1) cos(φ(k − 1)) · d(k) sin(φ(k)) − A2d(k) cos(φ(k)) · d(k) sin(φ(k))

= A2d(k)d(k − 1) sin(φ(k) − φ(k − 1)).
(9)��)ZJ.�GNy��0
6� d(k)d(k−1) = 1
)ZEl2�0�
 φ(k)−φ(k−1) =

[ωd(k)− ωd(k − 1)]T = ωdT �| | ωdT |≪ π/2 4
 sin(φ(k) − φ(k − 1)) ≈ φ(k)− φ(k − 1) 
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f(k) = sign[IP (k − 1)IP (k) − QP (k)QP (k − 1)] · [IP (k − 1)QP (k) − IP (k)QP (k − 1)] (10)i�t��L/Hp|2U
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� 6 �Oq�:A:}<��� 1 �����#	)1 [5]�; 1.w� B<~� �n!O q R℄P Bn/Hz �MM
1 ω0/4 ω0

(dR/dt)
ω0

)\ �(WYÆ�rLf�L�\�5pÆ��rL
Bn = 0.25ω0 f�,<�\)�h��1.w��?�zP���

2
ω0(1+a2

2
)

4a2
ω2

0
(dR2/dt2)

ω2

0

)?\ �(WYÆ�rLfÆ�rLf�,<�\)
a2ω0 = 1.414ω0 �h��1.w��?�zP
Bn = 0.53ω0 ���

3
ω0(a3b2

3
+a2

3
−b3)

4(a3b3−1)
ω3

0
(dR3/dt3)

ω3

0

)?\ �(WYÆ��rLf�,<�/Bn≤18 Hz

a3ω2
0 = 1.1ω2

0 5!℄��
b3ω0 = 2.4ω0

Bn = 0.7845ω0
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 T0 = 2π/ω0 � C(j − 1) 
Æ (j − 1) \El4
q}�9�9|���MF	|} NCO ��fD��U.�NF~|
�WNp^
wG>MaY3
MaY3�auFNp�9�9|W��AHF	U�wUp�>��tEl4
�AHF	RT0,t\El4
�Ma4B�T�NpY3�Uza,L��s(�
T (j) = T0 − C(j − 1) , (11)Np�9�9|fG�AHF	'Np^Y3Uf�z�AH.� NCO G�MaY3>'q℄F	�wj��N
 H(z)NCO =

z−1

1 − z−1
�'�.\� FLL ��Q
q}l; (8) ����MF	*�
 ∆f(k) �^Oq}�9�9|� NCO �����;Y


ˆ̇ω(k + 1) = ˆ̇ω(k) + (ω2
nFT )(∆f(k + 1)/T ),

ω̂(k + 1) = ω̂(k) + T ˆ̇ω(k) + (
√

2ωnFT )(∆f(k)/T ) . (12)x�G. θ̂(k + 1) = θ̂(k) + T ω̂(k + 1) 
6
M.)9�2�L [6] � ωnF 
�9�9|�0-v�
 T 
�UJ	au�
3.2 PLL

GPS YC-.*:4
m')9br�9��DJ/B�H4|��9�9|�0-v�|>Z��<�
0���m_'
�DJ/B4B�|$
H4|�
t\ FLL 
�9�9|�0-v��R���+

09)9*t�2�J.p�
�DJ/B4B�RT
H4|�
 PLL 
��9�9|�0-v��R8�t\*:+�� GPS YC-�z�$��DJ/B4B��v�9�9| FLL � PLL 9*�z�
���w5}!�E��SjS�N;� PLL 
.�m%X�yN,
9w�DJv��)9br�v�*�n.8�t���, GPS YC-9��SjS�|
)9br�
�
'i���JF	|)p�IF	��J�
 50 Hz �����Ny�UF	�� 7k��z I 9� Q 9F	��DJ/B4B�Æ#Ny�}!
�SjS�' I � Q 9F	� 180◦ 2�6h�VX�
0=N/BÆ#NyÆ#}!-e
 PLL Tm�/B��>ib�2��_pQ [5] �
PLL9�an�p>br�9*'2}
O>R FLL �H4|T
 PLL �H4|+x�\�S�� PLL �H4|℄0
 e(k) = sign(IP (k))QP (k) �'�#\ PLL 9+h
�MF	q}�9�9|� NCO ���M.)9�2�L�w��l;


ˆ̈θ(k + 1) = ˆ̈θ(k) + ω3
nTe(k),

ˆ̇
θ(k + 1) =

ˆ̇
θ(k) + T

ˆ̈
θ(k) + 1.1 · ω2

nTe(k),

θ̂(k + 1) = θ̂(k) + T ˆ̇θ(k) + 2.4 · ωnTe(k).

(13)�# ωn 
 PLL Z�9�9|�0-v�
 T 
�UJ	au�
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0F?p>nM'I2sL��8
Ibr�9t�E��2Vf^d�� (DLL) ;;
wanK� 7�

� 7 �A3W DLL :� �. DLL Z
I�H4|�*_℄0�k[3
�ay&℄.�brQb�m	����zt� 4 _℄0K3 2[5] � � 2 �5� DLL ��# [5]J 5 ~ ` 3 q R
∑

(IE − IL)I
P

+
∑

(QE + QL)QP �1j?	A?	uÆ2 3 ℄4t~� DLL J5~A	�Sy��,w'`/	)� 1/2 ,L4t~C{/
± (1/2) ,LH�!O9�a	Q0mVD7�!OHe

∑

(I2
E + Q2

E) −
∑

(I2
L + Q2

L) V�G�Y�j?	\�'`/	/ ±1/2 ,L�H�!O9�a�V�G�Y��H(X%�4~� DLL J5~!OR
∑

√

(I2
E

+ Q2
E
) −

∑
√

(I2
L

+ Q2
L
)
V�G�Y��H	Xu�'`/	)� 1/2 ,L�4t~C{/ ±1/2 ,LH�!O9�aQ0��eu!O

∑√

(I2

E
+Q2

E
)−

∑√

(I2

L
+Q2

L
)

∑√

(I2

E
+Q2

E
)+

∑√

(I2

L
+Q2

L
)

&V��H?Y��Hhxu��V��HG�Y��H
(o,>g2I WYR)	)� 1/2 ,L�4t~C{�R}H�!O/�� ±1.5 ,L�9�a5%Q0,��eu!O}H�!O� ±1.5 ,L5%��E[[m� 0 ,1�A��
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ec(k) = I2
E(k) + Q2

E − (I2
L(k) + Q2

L(k)),

τ(k + 1) = τ(k) + 2BndTiec(k).
(14)wZ
 τ(k + 1) 
,t�DJ/B4BIo�f^.
 Ti 
�DJ/B4B
 Bnd 
 DLL�9�0-v��. DLL6;&O�}YZ
�zPm
r��N�El�W�� PLL�Ibr�iOh�
'd����J	�$��,S//��
�>�Elp>�nM2X��|} DLL�'Pmf
El�Z���I2�{�q:
vyq:L^
)6>F	�El�N
x�y=fJ	�����8�DLL�Pm&O4�q:,t\Iau�I2��nw.
��:℄F�nw.�4BT�_�El�N
-
2��El�i��9
xb IPmf
El���>4B�$Uw'�J	��\Z4B�|}'i��9�El��N\iOi&
'
x�y,SJ	�nw.��>
n+=fJ	���� [7] �

5 �_2�\45?C|D$.�J��(����Z
�=��\2�Z��yR�J��YC-fh�imB
Z�m��u��Z�m�u
t��|��\2z�WZ�Z��>Z��>>Z�4
Z�m�u�YC-.*:4�yE'�-_�u[32��℄0�.Z�m��uZ
)9$P/Wt�*t�pw�pw0�>
!9�t��)9 PLL
5)9*t�pwSS$U PLL �=&v
�l�b I')9���=&�br

lx+V6>�9�v�
�x9��v0-�yi��9
+|0-�rU}�9g|Q/4
x$9 PLL .1d
�R�UNy�0!M���0-����m�'�Mak�9v��T�+6>
�l.Z�m�u,
�J��YC-+Vd}��9v���mQbJB�r��FLL ) PLLz�f���mQb
zbrp��) PLL brp���W�7�)9!M�9��R> FLL � PLL �a��.F	=&�X�i�)9!M\%
F	E-i� FLL 
�� FLL z�$�/B4B
w�9�9|�0-v�)W�
�y'p>�Zd�
9pMb?�73,Q7 Hz y_
	 FLL�9g|������ PLL � PLL �9z�T�/B4B
w�9�9|�0-v�)W8
.�u�m�8��X�r,
n.E�T��D/B4B�8��9|0-v�y�\�9�brim�|�m6�4
h� FLL br
�9n�6.�mQ0�4 FLL � PLLbr;;���
zom�| PLL 1d4bpn PLL ��7#� FLL �r2�.6kAZYd0.Z�m�u,pw0�>
 500 Hz/s �p>nwL
 200 Hz ��JZpElF	 (��F	=&�
'=&��)9p>L��J)9�6;ZpL�M.
500 Hz y_
�#*
 200 Hz >J�6;���) 
Elp>
 6 MHz 
F	�Zpp>

4 MHz 
IZ
 1.023 MHz 
IT
 1 023 �
�UJ	Z>
 50 bit/s �'�l�Z�mF	iO)9!ME� FLL a� PLL �an
fE�� FLL 93 PLL9�anB4�� 4 �� 7 f=� FLL 9ZHp|��M℄0E�J	���L/n�p>br℄0
�9�9|
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0-v�
 150 Hz 
�96~
 1 
/B4B
 1 ms � PLL 9ZH2|��M℄0E� e(k) = sign(IP (k))QP (k) 
�9�9|E� 3 \�9
0-v�
 40 Hz 
�96~
 1 
/B4B
 1 ms ��9G�Hp�M�H2�M�az�� 8 f=�n�Z�y�
| FLL &Ot%4B�
�9i�d�im�
0��fZp��)92�L
�9��� PLL 
 PLL q}t%4B=&�
oi�d�im� FLL � PLL �a��y���QZ�m�u
.H���d�Ny�}4
orZ0)92�L�j���

� 8 �Iq NI3 Nb{.�Z�m���,

0T�)9!M�M(Y�
�yO� PLL��X)9�!M�.y�9� PLL 4
ay=&4E��p>XB[��� PLL 9�0-v�
�
=&��)9p>L�6;)9�p>L�t��nM
+�\nM.p>XB[y_
�l
PLL �0-v�x�$�8
��$�8d�J	L�j�Q
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Abstract: The modern standard satellite navigation receivers are commonly based on ASICs

for signal processing and fast microprocessors for application calculations. The software satellite

navigation receiver is also developed in recent years. The research on software receivers becomes

one trend of satellite navigation receiver. For algorithms on signal processing play an important

role in satellite navigation receivers, the paper illuminates the signal processing algorithms in

detail.

The GPS receiver is widely used at present. So the paper places emphasis on signal pro-

cessing algorithms about GPS receiver. Signal processing algorithms include three aspects �
the algorithm on signal acquisition, the algorithm on carrier tracking and the algorithm on PRN

(pseudo random noise) code tracking.

In the part of signal acquisition, the method of using FFT to get the result of circular cor-

relation is introduced. The paper carefully researches the method and discusses the derivation

process of the method.

In the part of carrier tracking, the paper describes the principle of frequency locked loop(FLL)

and phase locked loop (PLL) and analyzes the principle of loop filter. The method of transition

from s-domain to z-domain is introduced. The computation of noise bandwidth of the loop filter

are expatiated and the structures of one-step digital loop filter, two-step digital loop filter and

three-step are given. Other parameters of loop filters are also given.

In the part of code tracking, delay-early locked loop (DLL) is introduced. Theoretical anal-

ysis and experiment results demonstrate the algorithms in the paper. Through the simulation

testing, the performance of combination of PLL and FLL can be acknowledged.

Key words: GPS receiver; matched filtering method; FFT correlation method; frequency

locked loop; phase locked loop; delay-early locked loop


