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Low-cost Indoor Crowd Density Sensing with Smartphones
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Abstract: Now that smartphones are becoming more and more popular, pedestrian navigation systems are
widely used in our daily life. While they usually recommend the shortest distance route to a destination,
travel time and ease of walking depend not only on the distance but also on congestion along the path. In
this paper, we propose a method for estimating levels of congestion around mobile phone users, aiming to
enhance the convenience of such navigation systems. We conducted field experiments and confirmed that
this system can achieve reasonable performance.
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Fig. 1 Relation between crowd density and walking speed [21].
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Fig. 4 Crowd density (High).
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Fig. 8 Vertical acceleration during walking motion (Before ap-

plying the moving average filter).
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Fig. 9 Vertical acceleration during walking motion (After ap-

plying the moving average filter).
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Fig. 10 Spectrogram with crowd density (Low).
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Fig. 11 Spectrogram with crowd density (Medium).
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Fig. 12 Spectrogram with crowd density (High).
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Fig. 13 Average amplitude spectrum with each crowd density.
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Table 1 Rules for acceleration-based congestion estimation.
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Fig. 17 Cumulative distribution of audio-based feature values.
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Fig. 15 Cumulative distribution and histogram of step inter-
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Fig. 16 Cumulative distribution and histogram of step inter-

vals with crowd density (High/Intersection).
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Table 2 Rules for data integration.
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Table 3 Accuracy of acceleration-based local congestion esti-

mation by individual clients.

e R
(- o) | (B A | (/285
(f% - H) 74.7% 17.1% 8.2%
FEBEORI | (F/EH) | 16.3% 75.2% 8.5%
(%5 /287%) 6.4% 22.8% 70.8%

R4 FHRICED CRMEEE ORIE
Table 4 Accuracy of audio-based congestion estimation by in-

dividual clients.

HEE AR
(%) () (5)
63.9% | 33.3% | 2.8%
27% | 78.4% | 18.9%
21% | 16.3% | 81.6%
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Table 5 Accuracy of acceleration-based congestion estimation

after data integration at a server.
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T 6 NAES & O AEHC D CRMEEE ORI

Table 6 Accuracy of congestion estimation (merged).
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R | (R /EHY)| 21% [16.3% | 67.2% | 3.8% 10.6%
(% /%87)| 21% [15.3% | 16.9% | 60.1% 5.6%
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