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Abstract

This study proposes a combination-battery-based monitoring solution-comprising an alkaline or lithium
primary cell and a lithium-ion capacitor (LIC)-to predict battery replacement timing in hotel and lodging
facility door locks, and presents the results of prototype implementation and performance verification
through accelerated and field experiments. The proposed method leverages the proportional relationship
between capacitor voltage and stored energy to indirectly estimate the state of the primary cell, while an
ESP32 (Wi-Fi) module periodically measures and transmits the battery and capacitor voltages to a central
management system, which determines replacement timing in real time. Accelerated testing identified an
additional 163 days of stable operation after end-of-discharge by utilizing residual energy, followed by a
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60-day preservation period until complete depletion. Furthermore, extending the lower operating threshold of
the alkaline battery from 3.6 V to 2.8 V demonstrated the potential to more than double the usable
lifetime. Field deployment at the Seoul Grand Hyatt, together with controlled laboratory trials, verified the
reliability of the entire process from data acquisition and communication to monitoring and alerting. These
findings demonstrate that the proposed system enables a predictive maintenance framework for door-lock
operations, thereby enhancing the efficiency and reliability of smart hotel and smart building management.
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[Fig. 1] Combination Battery System(Lithium+LIC)
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[Table 1] Specifications and Key Features of the Combination Battery System(Lithium+LIC)

- . Lithium-Ion CPU/Communication
Category Lithium Primary Battery Capacitor(LIC) Module
Specifications SB-AAL1(P) (3.6 V 2500 mA) VELI335 (3.8 V 90 mAh) ESP 32 (WiFi)

-For charging the lithium-ion capacitor

-Same capacity as three alkaline cells 38 V90 > single

-Operates once per day

cell
-Changed to pulse type -Charge control
Key Feat -P ly for th
ey Heaes *Current limited to below 60mA dggerlocillpp v for te -Voltage measurement
*Operates once per day at approximately _Buck mode -Data transmission

3~5mA

-Battery lifespan: 2 years. Only the lithium primary cell needs replacement at end-of-life
-After complete discharge of the lithium primary cell, maintains normal operation for at
least 10 additional days

-Same size as conventional alkaline battery modules

Performance
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Main Screen Display each Room status in text format
Dashboard Visualize each Room status graphically
Work Order Display Door Lock information for scheduled
replacement
Work Result Record and output results after Door Lock
Input battery replacement
Device Status Query Door Lock de\gce status by location and
oom
Statistics Show Room status, alarm frequency,
replacement counts, etc.
Record alarms such as low battery,
Alarm - o
replacement time, and communication errors
User .
Information Manager user ID, name, authority level, etc.
Dewcef SITE, Floor/Room, Door Lock Device
Information
Ala_rm Input alarm conditions and thresholds
Settings
[1% 2] Z0|F ZAAAH 7d
[Fig. 2] Configuration of Door Lock Monitoring System
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[Table 2] Prototype Accelerated Test Conditions and Verification Items

-Configured with 3 series-connected Alkaline AA batteries+Lithium-lon Capacitor
(60mAh)

-Battery system operation designed with 1 day = 35 days assumption
Accelerated Test | -Daily door lock battery usage:

Conditions ‘1 communication cycle (15 seconds), 20 door lock operations (open/close), 1
charging cycle (Alkaline — Lithium-Ion Capacitor)

Applied Product

-Validation of normal operation and system stability of the combination battery system
‘Battery-to-battery charging and stable power supply to the system

Verification ‘Pre-detection of Alkaline battery full discharge and advance identification of battery
Items replacement timing

-Confirmation of the operating lifetime of the combination battery system —> verification

of economic feasibility
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[Fig. 3] Performance Test Results of the Combination Battery System
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