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3D Localization Algorithm Based on Linear Regression and

Least Square in NLOS Environment

JIANG Li, XU Haichuan, ZHANG Lei, XIONG Shaowen
( College of Science, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In view of the problem of three-dimensional location of mobile terminals in indoor non-line-
of-sight wireless environment, a three-dimensional location algorithm has thus been proposed based on linear
regression and least square method in non-line-of-sight wireless environment. Firstly, based on the positively
biased measurement error of arrival time (TOA) in wireless communication environment, the linear regression
is used to estimate the linear relationship between the non-line-of-sight measurement distance error and the
real distance between the test terminal and the base station. Then, combined with the linear relationship, the
least square method is used to locate the 3D position of mobile terminal. The experimental results show that the
proposed algorithm is characterized with a high positioning accuracy, with the maximum positioning error no
more than 2 m. Moreover, in the non-line-of-sight environment, the proposed positioning algorithm does not need
the prior knowledge of TOA’s time delay distribution, with the positioning accuracy better than other two-stage
least squares positioning algorithm based on TOA.
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Table 1 3D position coordinates of base stations m

BS X y z BS X y z

1 402.19 380.52 3.26 6  —67.41 157.58 4.90
2 -56.01 258.54 4.93 7 172.00 277.76 2.71
3 12638 76.09 4.96 8 -321.66 253.43 4.90
4
5

75.41 37590 4.43 9 -261.95 136.74 548
2948 112.22 4.67 10 -373.51 391.84 4.75

x2 IRERE =LA E LR

Table 2 3D position coordinates of test terminals m

MT X y z
-204.97 170.30 1.83
2 -31.12 290.04 1.17
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Table 3 TOAs from test terminals to base stations

BS TOA
MT, MT,
1 0.000 002 554 680 06 0.000 001 760 866 34
2 0.000 000 690 245 33 0.000 000 160 458 44
3 0.000 000 488 045 54 0.000 000 932 620 72
4 0.000 001 382 494 38 0.000 000 545 427 06
5 0.000 000 960 702 20 0.000 000 746 670 53
6 0.000 000 549 860 21 0.000 000 548 089 02
7 0.000 001 558 323 97 0.000 000 810 746 62
8 0.000 000 543 350 29 0.000 001 129 685 72
9 0.000 000 265 628 82 0.000 001 101 281 15
10 0.000 001 108 034 34 0.000 001 419 815 60

x4 ANMRLROEETNRARE (5 a
Table 4 Linear regression coefficients k£ and a of
the testing terminals

MT k a
1 0.191 40 0.506 22
2 0.191 35 0.570 71
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Table 5 Selected TOA numbers and locating errors

SR M RETIE || HENEC REMIE RErE
4 17381 0.6909 7 0.5963  0.064 4
5 0.5584  0.0442 8 05352 0.0566
6 05213  0.0444 9 0.5700  0.057 1
2.0

— — —_
e N oo
T

=)

% %1Eoiﬂﬁﬁ%_kﬂﬁ%’i%§ﬂﬂ 1=

Y 5 6 7 3 9
SENLILIEL
B3 EEH TOA #IBSEMIREHEXRRE
Fig. 3 Relationship between selected TOA numbers and

mean values pf positioning errors

F* 6 EE 54 TOA MPFMEENEMIRE
Table 6 Positioning errors between two
algorithms with five selected TOAs

R RANRZE  EORUE H{H Ji %

N G 0.0423 1.996 0 1.132°8 0.242 8
SCHR [7] 8 39098 622.6704  59.8355  8432.3813
xR BHLKBESIMNE
Table 7 Real position of partial terminals m
ity AR iy HLS AR
9 X y z B9 x y z
-0.28 -194.22 1.25 6 81.84 85.48 1.92

1

2 377.07 -31091 1.69 7 -191.02 -140.12 1.54
3 110.24 72.73 1.27 8 -=31091 345.40 1.60
4 -43.02 -319.59 1.58 9 -56.88 123.00 1.61
5 317.56 -368.33 1.45 10 -40.60 -19.87 1.86
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Table 8 Two algorithms for locating terminals in table 7 m

ity ARSI TEN AR SCHR [9] SR E A AR
Fs X y z x y z

1 -0.52 -194.64 1.27 11.28 -180.78  60.19
2 37776 -311.59 1.75 || 41925 -330.60 0

3 11016 7262 1.14 || 118.92  69.89 93.25
4 —43.11 -31929 1.68 || -30.41 -33298 0

5 31894 -369.20 1.39 || 304.45 -363.47 —48.81
6 81.44 8518 1.77 || 119.19 117.16 0

7 -190.81 -139.96 1.58 || -223.49 -142.19 71.23
8 -310.85 34532 1.66 || —294.72 36028 0

9 5673 12292 1.63 || -85.14 79.71 18.46
10 -41.08 -19.55 1.96 || -4524 -3530 -86.42
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