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Abstract In recent years, understanding indoor people flow and crowdedness has become essential for advancing store
management and marketing strategies. Estimation methods utilizing Bluetooth Low Energy (BLE) are expected as a cost—
effective and privacy-conscious approach. However, building estimation models is required to address recent MAC address
randomization and achieve higher accuracy. Many existing methods separate data collection and model construction from
operation, requiring pre-deployment efforts in target environments and failing to adapt to layout shifts during long-term use.
To address these challenges, this study developed a system that decouples operational estimation from asynchronous model
updates executed outside business hours. This system enables estimation models to be continuously updated and adapted on the
cloud using ground-truth data collected during operation. Additionally, by introducing hashing with dynamic salt, we achieved
a secure design that avoids storing raw MAC addresses, ensuring cross-sensor device identification while maintaining social
acceptance.
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