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ABSTRACT

This paper proposes a robust optimization framework for indoor Wi-Fi access point (AP) localization that combines multi-
start initialization with explicit handling of missing directional measurements. Our previous study employed an environment-
adaptive path-loss model with directional bias compensation and showed that unknown APs can be localized with reasonable
accuracy even under limited measurement conditions. However, the suggested approach suffered from performance
instability due to sensitivity to initial values and the presence of unreliable or missing heading information. To address these
issues, the method proposed in this study (i) filters out invalid directional measurements when estimating the path-loss
exponent and directional biases, (ii) performs AP-wise localization using two complementary initial positions derived from
geometric and signal-strength heuristics, and (iii) jointly refines the locations and transmit powers of all unknown APs while
keeping the global path-loss exponent and directional biases fixed. Experiments conducted on Wi-Fi RSSI data collected at
48 measurement points in a real indoor environment show that the proposed algorithm reduces the mean localization error
by approximately 38.5%, from 3.23 m to 1.99 m, compared with the previous work. In particular, for AP_Y, which exhibited the
largest localization error with the previous work, the error is reduced to less than half across a wide range of data-usage ratios.
These results indicate that the proposed framework improves the stability and practical applicability of model-based indoor
Wi-Fi localization with unknown AP positions.
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Fig. 1. Overall procedure of the proposed RSSI-based unknown AP localization algorithm.
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Fig. 2. AP layout and measurement points (meters).
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Fig. 3. Comparison of unknown AP localization results between the previous work and the proposed method (data usage: 10%).

Fig. 4. Comparison of unknown AP localization results between the previous work and the proposed method (data usage: 30%).

Fig. 5. Comparison of unknown AP localization results between the previous work and the proposed method (data usage: 50%).
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Fig. 6. Comparison of unknown AP localization results between the previous work and the proposed method (data usage: 70%).

Fig. 7. Comparison of unknown AP localization results between the previous work and the proposed method (data usage: 90%).

Fig. 8. Comparison of unknown AP localization results between the previous work and the proposed method (data usage: 100%).
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Table 1. Localization error per AP by data usage ratio — previous work.

Data(%) AP X APY AP Z Average
10 1.276 9.254 2.938 4.489
30 0.922 7.908 4.687 4.506
50 0.863 8.199 4.053 4.372
70 1.507 3.388 4.784 3.226
90 0.722 7.943 4.230 4.298
100 0.722  7.943  4.230 4.298

Table 2. Localization error per AP by data usage ratio — proposed method.

Data(%) AP_X AP.Y AP_Z Average
10 1.388 9.524 2.898 4.603
30 0.927 3.545 4.623 3.032
50 1.029 3.864 4.180 3.024
70 1.338 3.826 0.791 1.985
90 1.051 3.844 0.646 1.847
100 1.051 3.844 0.646 1.847

Fig. 9. Comparison of average localization error between the previous work and the proposed method across different data usage levels.
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Fig. 10. Comparison of per-AP localization error between the previous work and the proposed method to evaluate the error distribution across access points.

Fig. 11. Sensitivity of average localization error to path-loss exponent n
(70% data).
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