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G1 = 1 + x3 + x10
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s(t) = C(t)D(t)cos(2πfL1t + φL1) + P (Y (t))D(t)sin(2πfL1t + φL1)

+P (Y (t))D(t)sin(2πfL2t + φL2)

fL1 fL2

C(t) P (Y (t))

si(t) = C(t + δi)D(t + δi)cos(2π(fIF + fdoppi)t + φi)

i i

fIF



φi

δi

rkk(m) =
1022∑

b=0

Ck(b)Ck(b + m) ≈ 0 "=



≈

rjk =
1022∑

b=0

Cj(b)Ck(b + m) ≈ 0



fG1(x) = 1 + x3 + x10

fG2(x) = 1 + x2 + x3 + x6 + x8 + x9 + x10



G1 = 1 + x3 + x10
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cos(θ)cos(ψ) =
1

2
[cos(θ − φ) + cos(θ + φ)]

◦

◦



◦

◦



QP IP sin(2φ)
QP sign(IP ) sinφ

QP

IP
tanφ

atan(QP

IP
) φ



δ δ

δ



IE − IL

(I2
E + Q2

E)− (I2
L + Q2

E)
(I2

E+Q2
E)−(I2

L+Q2
E)

(I2
E+Q2

E)+(I2
L+Q2

E)

IP (IE − IL) + QP (QE −QL)





i1 i2

fS

ρ1,raw = 0.068c

ρ2,raw = (0.068 + i2−i1
fS

)c

ρN,raw = (0.068 + iN−iN−1

fS
)c



Tcorr

ρi,corrected = ρi,raw + cTi,corr

ρi =
√

(xi − xu)2 + (yi − yu)2 + (zi − zu)2 + ctu + ν

ρi xi yi zi

i xu yu zu tu

ν

ρ̂

x̂u ŷu ẑu t̂u

ρ̂i = r̂i + ct̂u =
√

(xi − x̂u)2 + (yi − ŷu)2 + (zi − ẑu)2 + ct̂u



error = H ∗ unknowns

x y z t

ap,N i

p





ρ̂1 − ρ1

ρ̂N − ρN




= H





δx̂u

δŷu

δẑu

δt̂u





=





x1−x̂u

r̂1

y1−ŷu

r̂1

z1−ẑu

r̂1
−1

ax,i ay,i az,i −1









δx̂u

δŷu

δẑu

δt̂u









δx̂u

δŷu

δẑu

δt̂u





= (HT H)−1HT





ρ̂1 − ρ1

ρ̂i − ρi











x̂u,N

ŷu,N

ẑu,N

t̂u,N





=





x̂u,N−1

ŷu,N−1

ẑu,N−1

t̂u,N−1





+ (HT H)−1HT





ρ̂1 − ρ1

ρ̂i − ρi





du
dt du

dφ
dt

di = c(fdopp−fL1)
fL1

+

[
Vx,i Vy,i Vz,i

]





ax,i

ay,i

az,i









δẋu

δẏu

δżu

δṫu





= (HT H)−1HT





d1

dN





di Vp,i
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



δx

δẋ

δy

δẏ

δz

δż

δt

δṫ







∗

$

∗

∗

$

C/N0
$

$

$

LOSvel = ax,y,z · (svvel − ˙̂x)

td fL1



fIF

fif+dopp =
1− LOSvel

c + td
fL1 − fL1 + fIF







































fS

round( fS

1000) round(16.3676MHz
1000 ) = 16368
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fs

fs





M N

×
×
×
×
×

x̂ ×
×
×

×

×

×





fs





fs

C/N0

∗



× ×
× × ×

× × ×
× ×

0 × × ×


