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Abstract

With the rapid development of Internet of Things (IoT) and wireless communication technologies,
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Bluetooth has become a vital solution for short-range communications due to its advantages such
as low power consumption, cost-effectiveness, and excellent compatibility. However, Bluetooth com-
munication lacks strong real-time performance and exhibits millisecond-level latency, leading to
clock drift between Bluetooth devices. Consequently, achieving clock synchronization has emerged
as a significant technical challenge. Currently, Bluetooth clock synchronization is primarily imple-
mented through either broadcast initiated by the master device or timestamp transmission after
connection establishment, where the slave device calibrates its local clock upon receiving the mas-
ter’s timestamp. However, constrained by Bluetooth transmission delays, this approach offers lim-
ited synchronization accuracy (ranging from milliseconds to seconds). To enhance synchronization
precision, the master device can periodically send data packets or empty packets as clock anchors
to slave devices via link-layer connection events. The slave device then calculates the clock deviation
between master and slave based on consecutive anchor points and subsequently adjusts its local clock
frequency or directly offsets the clock to align with the master’s timing. While this method achieves
sub-millisecond synchronization accuracy, it still fails to meet the stringent precision requirements
of applications such as precision measurement. This paper proposes a radio communication-based
clock synchronization scheme that directly monitors radio communication states and events at the
physical layer of the Bluetooth protocol stack and manipulates radio frequency (RF) chip registers.
This enables mutual exchange of local timestamps between master and slave devices. By employing
high-speed clocks and clock compensation algorithms, the proposed solution achieves synchroni-
zation accuracy at the sub-microsecond level, fulfilling the demands of high-precision applications.
As a case study, this paper demonstrates the effectiveness of the proposed solution using a Blue-
tooth high-precision probe designed based on the nRF52832 chip, thereby further leveraging the
advantages of Bluetooth communication.
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Figure 1. Bluetooth protocol stack architecture
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Figure 2. Radio communication state diagram
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Figure 3. Clock synchronization design flow
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Figure 4. Schematic diagram of bluetooth probe detection system
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