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Localization algorithm for wireless sensor networks based on
multidimensional scaling and adaptive weighting iteration

Jiang Meijuan Liu Xixiang  Sheng Guangrun

(School of Instrument Science and Engineering, Southeast Universality, Nanjing 210096, China)

Abstract: To address the issues of the large errors in received signal strength indicator ( RSSI) -based ranging methods and the limited
adaptability of the iterative method based on the scaling by majorizing a complicated function (SAMCOF ), which cannot adapt to the
instability of distance measurements and degrading localization precision, this paper proposes an adaptive weighting algorithm based on
the extended Kalman filter (EKF) and multidimensional scaling (MDS). The algorithm first fuses the distance measurements obtained
from RSSI and acceleration information using EKF to obtain optimized distance states. Then, the weights for different communication
node pairs are dynamically adjusted based on the confidence of the distance states in the covariance matrix, and an optimized distance
matrix is constructed for MDS-MAP positioning to obtain the initial positions. Finally, the SMACOF-based iterative optimization method
is employed to refine the initial positions, reduce the negative impact of incomplete link observations and enhance positioning accuracy.
Simulation experiments show that the proposed localization algorithm outperforms MDS-MAP, vMDS, and wMDS in various network
distributions, communication radii, node numbers, and noise levels, improving positioning precision and robustness in dynamic
networks. Additionally, the semi-physical experiment results of the positioning system based on ZigBee CC2530 validate the effectiveness
of the algorithm’ s effectiveness in both indoor and outdoor scenarios, overcoming the limitations of traditional methods in complex
environments.
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Table 2 The influence of distance accuracy

on localization algorithms (m)
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K% EKF 4b 3 4.018 5 3.5418  1.2442 1.085 6
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Table 3 The influence of distribution of nodes

on localization algorithms (m)
Bk FERL A1 ¥ o534 0 A1
MDS-MAP 2.648 4 0.817 5 4.6358
vMDS 1.747 0 0.566 7 4.200 4
wMDS 0.772 6 0.0330 1.0455
EKF-wMDS 0.674 6 0.003 8 0.896 8
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Table 4 The influence of obstacle interference

environments on localization algorithms (m)
MDS-MAP vMDS wMDS EKF-wMDS
RMSE 8. 098 7.271 3.232 8 3.1613
error 6.929 5. 846 2.714 2.677 1
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Fig.4 The influence of communication

radius on RMSE of algorithms
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Table 5 UWRB technical specifications
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Table 6 Positioning errors of the algorithms

in the rooftop scenario (m)
SRR AR R MDS-MAP vMDS wMDS  EKF-wMDS
(0.9,0.5) 0.25 0.240 1 0. 245 0.240 1
(0.9,1.8) 0.838 6 0.687 4 0.498 2 0.418 5
(1.0,0.7) 0. 689 6 0. 665 8 0.659 8 0.646 7
(2.0,2.2) 0.3519 0.313 8 0.264 5 0.158 7
(3.7,2.0) 0. 693 0. 605 2 0.419 4 0.423 2

R7T ZREGETEHENFHEMRE

Table 7 Positioning errors of the algorithms

in the laboratory scenario (m)
SEPRAE R MDS-MAP vyMDS wMDS  EKF-wMDS
(0.7,1.3) 1. 069 7 0.900 3 0.825 1 0.7219
(1.6,2.4) 0.591 2 0.5913 0.529 5 0.451
(1.9,1.5) 0. 666 0. 680 4 0.728 8 0.636 9
(2.0,0.9) 0.986 2 0.674 7 0.501 2 0. 664 6
(2.0,2.4) 0.902 4 0. 927 0.917 6 0.899 7
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