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±5 kHz

GE GL DI SP,I SE,I

SL,I SE,I SL,I Code

C/A



SP,I

SP,Q

GP

GP

ΣP,I

Amp. Mix.

L.O.

from
Antenna

Mix. B.P.F.B.P.F. Amp.

DI

ΣP,Q

Code

NCO

DQ
SE,I

SL,I

GE

GL

ΣE,I

ΣL,I

Q

I



C/A

C/A C/A

C/A

C/A

C/A

SP,Q

NCO

C/A

50 Hz

N

− −= = × × × = × = −23 201.38 10 127 50 8.8 10 W 160.6dBmSN kT B (A2.1)

1 15 dB −145 dBm



C/A

C/A

φS(t) φR(t) φ(t)

( ) ( ) ( )φ φ φ= −S Rt t t (A2.2)

φS(t)

0.5

C/A

Code Comp.

Code

FilterSV Signal
φ(t)

φR(t)

φS(t)+ε(t)



1 1.5

φ(t)

φ(t) α φ(t) β

Τ
αΤφ(t) βΤφ(t)

φR(t)

( ) ( ) ( ) ( )( )φ φ αφ β φ= + +∫ ∫0 0
0 2

t q

R Rt q a da dq (A2.3)

φR(t)

( ) ( ) ( )( )
( ) ( ) ( )( )

φ αφ β φ

φ αφ β φ

+ + =

+ +

∫ ∫

∫ ∫

0 0

0 0

2

0 2

t q

R R R

t q
R S S

t q a da dq

q a da dq
(A2.4)

( ) ( ) ( ) ( ) ( )φ φ φ
α βφ α βφ+ + = +

2

2
2 2R R S

R S

d t d t d t
a t

dt dtdt
(A2.5)

φR(t) u(t)

t φ(t) 0 u(t)

α β α β+ + = +2 1
( 2 ) ( ) 2s s y s

s
(A2.6)

φ(t)

( )( )

α β
α β

α β

α α β α α β

+=
+ +

+=
+ + − + − −

2

2 2

2
( )

( 2 )

2

s
y s

s s s

s

s s s
(A2.7)



α β

α α β α α β

α β α α β α α β

 − − + − = + −
 − + − − + + − 

2 2

2 2 2

1 1
( )

2
y s

s s s

α = β

( ) ( )

βαα β β α
ααα α

−+  = = − + + + +2 2 2

22 1 1
( )

s
y s

s ss s s
(A2.8)

α β

( ) ( )

( ) ( ) ( ) ( )

α β

α β α

α α

α β α α β α

+=
 

+ + − 
 

+= − +
   

+ + − + + −   
   

2
2 2

2 2
2 22 2

2
( )

1

s
y s

s s

s

s
s s

φR(t)

ζ 1

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

α α β α α β

ς ς ω ς ς ω

φ α α β α α β
α β

ς ς ς ς
ς

− − − − + −

− − − − + −

 
= + − − − + −  −  

 
= + − − − + −  −  

2 2

2 2

2 2

2

1 12 2

2

1
1

2

1
1 1 1

2 1

t t

R

t t

t e e

e e

ζ = 1

   

( ) ( )α α

ω

β α βφ
αα

− −

−

−= − +

= −

2

2

2
1

1

t t
R

t

t e te

e
(A2.9)

ζ 1

( ) ( ) ( )

( ) ( )

α α

ςω ω

αφ β α β α
β α

ς ς ω ς ω ω
ς

− −

− −

= − − + −
−

 
 = + − − − +
 − 

2 2

2

2 2

2

1 cos sin

1 sin 1 cos 1
1

t t
R

t t

t e t e t

e t t te

α β φ(t) 0 ζ

ω ζ 2 = 1 ζ 1

ζ



ω t

φ
R
( t)

Time

T
im

in
g

 o
f 
 c

o
d

e
 r

e
p

lic
a

=ς 1

2 2
=ς 1

2
=ς 1

2
=ς 1

=ς 2

=ς 2

=ς 2 2

2 4 6 8 100
0.0

0.5

1.0

1.5

φ(t)

C/A

C/A

ζ ζ

ζ

α (=ζ ω)

ωt

α t 0 ζ

5 m(

10 m ) C/A 1 300 m

30 C/N 29.5 dB C/N F

( ) ( )−= = − − − × × − =23150 ~ 160 10 log 1.38 10 127 29.5 640 ~ 64 Hz
S

C
B

kT F
    (A2.10)



C/A 5 m

5 m

7~10 m

−145 dBm

C/A

fm

fh fl fm 10Hz

Code

GP

Mix. L.P.F.

D

Code

NCO

GE

GL

GP

L.P.F.

L.P.F.

L.P.F.

Sh

Sl

SE

SL

I.F. Input

fh

fm

fm

fl

Mix.

C/A



(L.P.F.) 10Hz

Sh Sl

C/A GP 1/2

GE 1/2 GL SE SL

C/A

km/h

I Q

I Q ΣI ΣQ C/A

SI SQ C/A

C/A

1 kHz

SI

θ A D

SI SQ

θ
θ

=

=

cos

sin

I

Q

S AD

S AD (A2.11)

SQ SI ψ



Mix.

NCO

Q

I

SI

SQ

I.F. Input

Div.
Filter

ΣP,I

ΣP,Q

SI

SQ

ψ θ= = tanQ

I

S

S
(A2.12)

ψ θ 0

ψR

ψ θ θ θ= = =
2

2 2sin cos sin 2
2R I Q
A

S S A D (A2.13)

ψ 90 ψR 90

C/A 1,540

ψR

C/A 5 m



C/A 1,540:1

1

1 cm

10 cm

C/A

C/A C/A

C/A

ψC(t)

δ f0 δ

r(t)

( ) ( )( )λ ψ ψ πδ− = − −0 0( ) (0) 0 2C Cr t r t f t (A2.14)

r λ0 ψC

fC C/A C/A

φC(t) C/A

( ) ( )( )φ φ ψ ψ πδ− = − −( ) (0) 1,540 0 2C C C C Ct t f t (A2.15)

0

0

φR(t)

( ) ( ) ( ) ( )( )
( ) ( )( )

φ φ αφ β φ

ψ ψ πδ

= + +

+ − −

∫ ∫0 0
0 2

1,540 0 2

t q

R R

C C C

t q a da dq

t f t
 (A2.16)



C/A

Code Comp.

Code

FilterSV Signal
φ(t)

φR(t)

φS(t)+ε(t)

1,540

Carrier Phase
ψC(t)

Div.

( ) ( ) ( )( )
( ) ( ) ( ) ( )( )

φ ψ ψ πδ

φ φ αφ β φ

− − +

= + + +∫ ∫0 0

1,540 0 2

0 2

S C C C

t q
R

t t f t

t q a da dq
(A2.17)

φ(t)

C/A

1 1.5

C/A 1



5 12

1 500 Hz

1/4 250 Hz

6 dB

15 dB

500 Hz N

− −= = × × × = × = −23 191.38 10 127 500 8.8 10 W 150.6dBmSN kT B (A2.18)

SL

= − + + = −150.6 6 15 129.6 dBmLS (A2.19)

−120~−130 dBm

1/2

500 Hz 1,024×2 = 2,048

2 1 ppm

300 km/h

− ×= × × × + × ≅  × × 

3
9 6 300 10 2

1.58 10 1.0 10 8
60 60 0.19 500fN (A2.20)

16

1 2





δ(t) G(t)

G(t)

( ) ( ) ( )G t t a G a daδ
∞

−∞
= −∫ (A3.1)

δ

G(t) δ

δ(t) h(t)

δ
h( ) G(t) (A3.1)

δ

h( )

( ) ( ) ( )g t h t a G a da
∞

−∞
= −∫ (A3.2)

( ) 0t a h t a< ⇒ − = (A3.3)

w

( ) 0a t w h t a< − ⇒ − ≅ (A3.4)

(A3.2)

( ) ( ) ( )t

t w
g t h t a G a da

−
≅ −∫ (A3.5)





C/A

L1 L2 C1 C2

r τ



変数変更�

差が減少�

方向変更�

波形差評価�

定数変更�

はい�

いいえ�

変更回数更新�

5回更新�
はい�

いいえ�

減少方向�
はい�

いいえ�

全変数�
いいえ�

はい�

シフト量1/5
シフト量２倍�

最小以下�
いいえ�

はい�

終了�

最適化開始�

初期化�






