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Research on Indoor Positioning System Based on Wireless Networ k
Fine Time M easurement Technology

TANG Xiang-Yu ZHANG Qian-Li WANG Ji-Long SHEN Zheng-Chen ZHANG Chao-Fan
(Institute for Network sciences and cyber space, Tsinghua University, Beijing  100084)

Abstract  With the rapid development of the Internet, location information plays a more and more
important role in our daily life. Many emerging applications, such as augmented reality, navigation, and
body tracking, rely heavily on location information. Accurate positioning is the key to their success.
Compared with outdoor positioning, indoor positioning is much more difficult to achieve meter level
accuracy. First of all, there are many interference factors in indoor space, such as walls, people or furniture.
Moreover, wireless signal attenuation, reflection, scattering and multipath effect make the positioning in
wireless network harder. Finaly, client support is also an important consideration. Although some indoor
positioning technologies have claimed to achieve high accuracy, they are often limited to special equipment,
which makes it infeasible for wide deployment. Also there are quite a few solutions that are restricted to

specific environments, or require a lot of offline fingerprint collection beforehand. In this paper, a novel
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approach based on |EEE 802.11-2016 protocol (also known as 802.11 MC) Fine Time Measurement (FTM)
positioning solution is suggested. Though there have been previous researches based on FTM ranging and
poisoning schemes, they are usually of low ranging accuracy. In line of sight, it usually has an error of 1-2m.
Since noise is not Gaussian in 802.11 MC, it is difficult to further improve the accuracy, which leads to a
positioning accuracy larger than meter level. In this paper, a new extensible single target network
positioning scheme, MLKB based on maximum likelihood estimation and kernel density estimation, is
proposed by using commodity equipment less than one hundred US dollars. The agorithm firstly uses
kernel density estimation method to preprocess the range data sets, and then uses linear fitting to correct the
dataif the result of the indoor AP ranging is less than 10 m. A coarse positioning result will be achieved by
linear least squares fitting based on the adjacent AP strategy. We design and mathematically prove the
objective function based on maximum likelihood estimation. The ranging variance is used as a weight of
the “contribution” of AP according to the fluctuation of the ranging results. Finally we use an optimization
algorithm such as Bayesian Algorithm, to iteratively optimize the objective function to achieve the final
result. FTM ranging and positioning module is implemented based on FTM Linux Tool and its accuracy is
verified. Through experiments in indoor line-of-sight environment and non-line-of-sight environment, the
results show that the MLKB algorithm can achieve the meter-level accuracy of 62% in the indoor LOS
environment and 41% in the strong NLOS environment, which are 43% and 17% higher than the naive
Bayesian algorithm in the LOS and strong NLOS environments, respectively. Under the condition of using
only 4 AP coordinated indoor single target positioning, compared with the state-of-the-art localization
research, the MLKB algorithm has good generalization ability in different environments, the total average
positioning accuracy can reach within 1.5m, the average meter-level positioning accuracy data accounts for
45%, and the positioning accuracy is better than other known FTM based positioning a gorithms.

Keywords 802.11 MC; Wireless networks; Indoor localization; FTM; Localization algorithm
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