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[Abstract]

For semi-open playground environments, it is important to manage the safety of young children
without relying on complex infrastructure, while still reliably detecting whether a child has entered or
exited the playground. This paper proposes a lightweight playground child entry—exit detection system
that uses a fixed smart device installed in the playground and commercially available BLE beacons
carried by children, focusing on binary inside, outside state detection rather than precise coordinate
estimation. The proposed system applies an exponentially weighted moving average filter to BLE RSSI
to mitigate signal fluctuations, and employs a time-accumulated state transition model with four states
based on filtered RSSI, entry and exit thresholds, and time delay parameters. Field experiments in three
playgrounds repeatedly entering and exiting showed that the proposed method achieved average detection
delays of about 5.7 seconds for entry and 7.6 seconds for exit. Compared with a simple RSSI
threshold-based baseline, it reduced false positives while maintaining Precision, Recall, and FI-scores
above 0.95 for both entry and exit events. These results indicate that child entry—exit monitoring can be

realized in small-scale playgrounds using only low-cost BLE beacons and a single smart device.
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II. Related Work
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Fig. 3. The screen capture of the child tracking and entry—exit detection application
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Table 3. Actual Entry/Exit Times and Detected Entry/Exit Times by the Application for Each Playground
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Table 2. Number of entry and exit events for each
playground and the results of average delay time
of entry and exit detection

Place

(Playground)

Number of
events

Delay time for
detection
(seconds)

Entry

Exit

Entry

Exit

In apartment

38

38

7.5

Neighborhood park

41

41

8.0

Kindergarten park

7.9

2
i)

lLHOﬂ X}L:H i0151

OO

ojujgitt.

Place Child 1 | Child 2 | Child 3 | Child 4 | Child 5 | Child 6 | Child 7 | Child 8 | Child 9 | Child 10
(Playground) In | Out| In | Out| In | Out| In | Out| In | Out| In | Out| In | Out| In | Out| In | Out| In | Out
True | 75] 8.17| 4.46| 952| 3.25| 9.11| 3.24| 8.84| 2.11| 8.08| 1.41) 7.67| 2.72| 8.62| 1.93| 9.55 326| 8.46| 2.03| 7.29

Apart (min)
ment P:ﬁed 288 826| 454| 9.65| 3.34| 9.22| 330/ 899| 2.20 8.17| 151| 7.79| 2.82| 8.73| 2.01| 9.67| 3.36| 857| 2.10| 7.4
. True 1595192 | 1.05] 5.02| 287| 8.61| 419] 9.03| 6.32| 9.51| 198| 6.68| 4.98| 801| 322| 7.91| 197| 7.88| 287 891

Neigh (min)
borhood P:ﬁed 583| 9.32| 1.11] 5.12| 2.94| 8.69| 4.28| 9.14| 6.44| 9.59| 2.05| 6.82| 5.06| 8.13| 3.3 | 8.02| 2.06| 801/ 2.95| 9.05
. True 1191831/ 5.03 891| 331| 8.35| 245| 7.7 | 492| 891| 195| 6.67| 3.31| 9.62| 4.01| 8.83| 298| 8.42| 3.47| 9.09

Kinder (min)
garten Pﬁﬁﬁed 127/8.4 | 5.1 | 9.03| 341|849| 2.49| 782/ 5.0 | 9.06| 201| 6.78| 3.38| 9.71| 4.08| 894 3.06| 857| 352| 9.21
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Table 4. Statistics for performance comparison of
entry and exit event detection delays

Event Method Mean | Std | Min | Max | 95

type (s) (s) | (s) | (s) | (s)

Baseline 4.1 3.2 05 | 183 | 98

Entry Time 49 | 28 | 09 | 139 96
accumulated

Proposed 5.7 2.1 12 | 114 95

Baseline 5.3 45 0.6 | 227 | 121

Exit Time 64 | 36 | 13 | 174|106
accumulated

Proposed 7.6 2.6 18 | 13.0| 9.9

A, AR A

oh202 T RSSI AR 718t

2] 7o) oMIE A& A= (4
o5l AAF U o]et oJHlEo] st False alarm rate,
Missed exit rate, Precision, Recall, F1-scoreS F%
slgdony, 1 Av= 1 59 7t} False alarm rate:=
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11, Missed exit rate= AR

TP

Precision = TP+ FP (4)
TP

Recall = W (5)

= 2 « Precision * Recall (6)

Precision+ Recall

B 59 AntE BW, Baseline #1212 A 2 o]gk A
ZoA AtjRog =2 False alarm rate®t Missed
exit rateS H¥O00, ]L 747 B4 RSSIZT £7HA]
o2 WSE U 07 B ozE] WAISH] 138 ©
et Al =4 A8 o“—‘.% Baselineo] u[3}] + A&
7t RS JRElO], AR RS 7RI Ao s B
23 BYIY olF AL Y BL FY 4 YL Mol
o 22y Ao Al EWMA 718t RSST g&giet Al
7F LA A Ao| wole sbj| A8sto gy I Ue
False alarm rate@} Missed exit rateS ©AJ5191 00,
1 A1} Precisiond}t Recall, Fl-score 9A] 7F} =&
SAIsIACE B3] DREYL 2o| 223 252
o] Bre &70lA] Baseline WAL RSSIO) AAIA 72z
sl eFE0] Sk TS B oY, Ao YAl o]
]

o
=

g
[S]

AR O
To=E

AIRE Ylof) o] oMIE 2 TR A] 2 vlg= g5ty © = ° = - ©
C} 2 LA = False alarm rate@t Missed exit rate oA BER aE W R OlF Als RIS 1R
AAE A] & 49] o]& Baseline 95 percentile 3191 12.1%  5s AT & Ao o= HeApt S Al &
= 71% AIREo2 ARSI True Positive(TP)= Al AP e, 3 & oluiel APl w018 oI ol
QA i o|eko] Yl 1L A|AEl0] S oHIES & £ oz Agdts & Ql22 oujsty, ¥V =olE
5 =l ) 1
ul27 7&3t 2. False Positive(FP)= AA|2 sigt M g A7F B} HY ADKE Y|7[Rio e A
OJHE7} WIAUGIA] OXoF=r]| A|AEl0] AMR AZst Ao AU &9 Y4, ol oMIE AE FAI7t 7hssith
False Negative(FN)= A& o[l EZ} *UAUSH O} A|AF]
o] A&sHA] &3t 742 AoJ5t9ct Precision, Recall,
Fl-scorex= 217F .43 Alo g2 AXlsRAc
Table 5. Detection accuracy of entry and exit events
Method Event | 15 | mp | FN False Missed Precision | Recall F1
type alarm rate exit rate
) Entry 85 9 5 0.904 0.944 0.924
Baseline - 17.778% 7.778%
Exit 83 11 7 0.883 0.922 0.902
Entry 88 5 2 0.946 0.978 0.962
Time accumulated - 9.444% 4.444%
Exit 86 6 4 0.935 0.956 0.945
Entry 90 0 0 1 1 1
Proposed - 0.556% 1.111%
Exit 89 0 1 1 0.989 0.994
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V. Conclusions
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