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Design of a Real-time Location Tracking Fire Detection
System using Embedded System-based PLC Communication

Do Woo Yu' and Kyung Saeng Kim"’

*' Semiconductor Engineering of Cheongju University

ABSTRACT

According to recent statistics from the Korea Fire Insurance Association, building fires continue to occur every
year, and the damage caused by them is steadily increasing. Since the severity of such fire accidents is determined by
the speed of the initial response, the need for accurate location identification and rapid response is increasing. Low-
cost fire detectors currently on the market only provide floor-by-floor information, and therefore cannot support
precise location tracking. On the other hand, high-end detectors with location tracking functions are not widely
distributed to general consumers or small facilities due to their high price. In this study, we applied power line
communication (PLC) technology that utilizes the power lines of existing low-cost fire detectors to provide a precise
location tracking function without additional cost. We designed a detector and receiver system in which fire
occurrence information and detector ID are transmitted over DC power lines using embedded UART signaling and
restored through CR filters and OP-AMP circuits. To ensure communication reliability, the Modbus protocol and
CRCI16 error checking were implemented. Experimental results verified that the proposed system successfully
transmitted and restored detector and receiver data (e.g., 8-byte inquiry and 7-byte response frames) with 100%
reception accuracy in laboratory tests. Furthermore, when a fire was detected, the receiver accurately displayed the
corresponding line number and detector ID on its LCD in real time, demonstrating that precise location tracking was
achieved. This system therefore provides an efficient and practical fire response solution by simultaneously reducing
detector maintenance costs and enabling accurate identification of fire locations, thus improving the initial response
capability compared to conventional low-cost detectors.
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Fig. 1. Trends in fires in special buildings over the past five
years.
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Fig. 2. Configuration of fire detection system.
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Fig. 3. Power line communication circuit using OP-AMP.
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Fig. 4. The LCD screen of the receiver displays the line
number and detector number where the fire occurred.
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Fig. 5. Communication waveform between receiver and
detector.
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Table 1. Communication standard for data transmission
from receiver to detector
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Table 2. Communication standard for data transmission
from detector to receiver

Field Name Hex Dex Array Index
Slave?] F4 0I~FF | 1~255 [0]
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Fig. 6. Power line communication waveform between receiver
and detector after applying Modbus protocol.
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