
∗ ∗∗ ∗

∗
∗∗

x
�= (x, y, z)T xi

�= (xi, yi, zi)T

i x �= xi xi �= xj i �= j i, j = 1, · · · , n

ri
�= ‖x − xi‖

{(xi − x)2 + (yi − y)2 + (zi − z)2 = r2
i , i = 1, · · · , n}.

n − 1 Ax = b

A =

⎡
⎢⎣

(x1 − x2)T

(x1 − xn)T

⎤
⎥⎦ b = 1

2

⎛
⎝‖x1‖2 − ‖x2‖2 + r2

2 − r2
1

:
‖x1‖2 − ‖xn‖2 + r2

n − r2
1

⎞
⎠ .
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‖Ax − b‖2 x
AT A

x̂ = (AT A)−1AT b.

ri

Pi(d) = Pi(d0) − 10αi log10

(
d

d0

)
,

Pi(d) d d0 αi

i P̂i(d)

P̂i(d) = Pi(d) + Xσi ,

Xσi σi

Pi(d0) αi

d0 Pi(d0) αi ri

r̂i = d0 10
Pi(d0)−P̂i(d)

10αi .

σ2

PDOP =
√

(σ2
x + σ2

y + σ2
z)/σ,

σ2
(·) QT Q n ≥ 4

(QT Q)−1 =

⎡
⎢⎢⎣

σ2
x σ2

xy σ2
xz σ2

xt

σ2
xy σ2

y σ2
yz σ2

yt

σ2
xz σ2

yz σ2
z σ2

zt

σ2
xt σ2

yt σ2
zt σ2

t

⎤
⎥⎥⎦ Q

�=

⎡
⎢⎣

x1−x
r1

y1−y
r1

z1−z
r1

−1

xn−x
rn

yn−y
rn

zn−z
rn

−1

⎤
⎥⎦ =

⎡
⎢⎢⎣

(x1−x)T

r1
−1

(xn−x)T

rn
−1

⎤
⎥⎥⎦ .

P̂i

P̂i
�= Pi + ∂Pi(x, y, z)

∂x
Δx + ∂Pi(x, y, z)

∂y
Δy + ∂Pi(x, y, z)

∂z
Δz

= Pi + 10αi

ln(10)

(
(xi − x)Δx + (yi − y)Δy + (zi − z)Δz

r2
i

)
,

i = 1, · · · , n

⎛
⎜⎝

P̂1 − P1

P̂n − Pn

⎞
⎟⎠

︸ ︷︷ ︸
ΔP

= 10
ln(10)

⎡
⎢⎣

α1 0

0 αn

⎤
⎥⎦

⎛
⎜⎜⎝

(x1−x)T

r2
1

(xn−x)T

r2
n

⎞
⎟⎟⎠

︸ ︷︷ ︸
H

⎛
⎝Δx

Δy
Δz

⎞
⎠

︸ ︷︷ ︸
Δu

.

URSI-FranceJournées scientifiques 25/26 mars 2014

112



HT H

Δu = (HT H)−1HT ΔP .

ΔP Δu
ΔP Xσi

σi Σ

Σ = (ΔP ) =
(

(ΔPi, ΔPj)
)

i,j

=
{

σ2
i i = j

0

(·) (Y X) = Y (X)Y T Y
q × p X p × 1

(Δu) = (HT H)−1HT ΣH(HT H)−1 =

⎡
⎣ σ2

x σ2
xy σ2

xz

σ2
xy σ2

y σ2
yz

σ2
xz σ2

yz σ2
z

⎤
⎦

EPDOP =
√ (

(HT H)−1HT ΣH(HT H)−1
)

(·)
σ2 Σ = σ2I EPDOP =

σ
√ (

(HT H)−1
)

WEPDOP =
(

min
i=1,··· ,n

‖x − xi‖
)

× EPDOP.

Bi i
n M Bi=1···n ⊆ V M ⊂ V V

V Bi M
n Ω

f(Ω) = 1
|M|

∑
x∈M

g(Ω, x),

| · |

Ω = {x1, · · · , xn : xi ∈ Bi}.

g

Bi

[x (i), x (i)] [y (i), y (i)] [z (i), z (i)] i

Ω
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r = r0 fmin = f(Ω) Ω∗ = Ω k = 0
k

i ∈ {1, · · · , n} xi Ω

xi ←− 	xi + rδx
,

δx 	·
 x ∈ �3

x ∈ Bi

f(Ω) < fmin

fmin ←− f(Ω) Ω∗ = Ω k = 0

xi Ω 1 − exp
( − (f(Ω)−fmin)

r

)
k < kmax

k = 0 r ←− ρr r ε
Ω∗

r 0 < ρ < 1
ε > 0

	·

B

αi = α
σi = σ = 2

r0 = 5 k = 20 ρ = 0.8 ε = 0.01

RMS(ΩC) =

√√√√ 1
N

N∑
i=1

‖x − x̂i‖2,

x̂i Xσ x
ΩC C

V = [−10, 10] × [−10, 10] × [0, 3]
(Bi)i=1,2,3 = B = [−10, 10]× [−10, 10]× [1, 1] z = 1

M B
f

Ω

k

P
D

O
P

(k
)
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