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Three-dimensional localization under severely
obstructed NLOS environment
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(College of Computer Science and Electronics Engineering, Hunan University, Changsha 410082, China)

Abstract: In the severely obstructed NLOS(non-line-of-sight) environment, obstacles between the UN (unknown node)
and RS (reference station) made the DP (direct path) undetectable. It greatly restricted the application of wireless local-
ization method. A three-dimensional localization scheme, which utilized the distance and orientation information of sin-
gle-bounce signal, was proposed to evade the DP blocking effect in three-dimensional NLOS environment. Within the
proposed localization scheme, three-dimensional spatial location relationship among the RS, UN and scatterers was
proven. An optimization algorithm based on least mean square was proposed and the mathematical solution to the posi-
tion relationship was derived. Furthermore, the performance of algorithm is studied by using RMSE (root mean-square
error) analysis. Through Monte-Carlo simulations, how distance and orientation deviation of three-dimensional localiza-
tion frame affect performance of algorithms is examined. It is also demonstrated that the analytical results closely match
the simulations, which verifies the effectiveness of the proposed three-dimensional NLOS localization algorithm.

Key words: non-line-of-sight; obstructed environment; three-dimensional localization; spatial location optimization
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N
2Z(M(2i,3)M(2i,l)xU + M(Zi.S)M(Zi,Z)yU +
p

M, M

@i oinZy =

M(Zi,})bZ[) =0 (16)
Hrp, i=12, N, R (14)~K(16)1F X (17).
Ax, + Ay, + Az, = A,
Bx, +B,y, + Bz, =B, (17)
Cx, +C,y, +Cz, =C,
,EQEF‘, ﬁ%z‘ll\ AZ\ A3\ A4\ Bl‘ Bzx B3\ B4\ Cl‘ sz C3\
Cy L 4.1 F5150(9) .
B ZOR T REA A 15a0(18), R X (17) J5 4k 1 R
AR 4.1 TH8).
— (A4C3 _A3C4)(BZC3 _Bscz)
(A1C3 - A3Cl )(Bzca —B3C2)
V= (A4C3 —A3C4)(BIC3 _B3C1)
u =
(A2C3 _ASCZ)(Blcs _BSCI)
_( )
( )

— (B4C3 -B(C, )(A2C3 - A3C2)
- (BIC3 -B,C )(A2C3 - A3C2)
_(B4C3 - B, (A1C3 - A3C1)
= )
~( )
=

Xy

)
Bzc3 - Bscz )(AIC3 - A3C1
Ale B AzBl )(B4C2 _BzC4
Ale - AZBI )(B3C2 - Bzc3)

(18)

CzBl B Cle )(A4Bz B AzB4
CzBl - Cle)(A3Bz - Asz

Zy
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