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Fig. 13 ϷТЄдϯχ Ὧ
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ỉבֿ ᵤ χ Ḱ ᾁ AIЯДиχ 

Model A Model B

Full Subset Full Subset

Rip Videos Cam 3 255 255

No Rip Videos Cam 3 86 86

Rip Videos Cam 4 0 128

No Rip Videos Cam 4 0 86

Total Rip training samples 277,942 319,336[+41,394]

Rip Train samples [90 %] 250,148 60,000 287,403[+37,255] 70,000

Rip validation samples [10 %] 27,794 31,933[+4,139]

Rip Test samples 29,023 33,618[+4,595]

Total No rip training samples 280,235 280,235

No rip Train samples [90 %] 252,212 60,000 252,212 70,000

No rip validation samples [10 %] 28,023 28,023

No rip Test samples 29,488 29,488

Table.1 Training data conditions for AI learning

Fig. 16 ᵊ ︡ ṍḧ χ χὊⱲ ᴟˢNOWPHASׁש╦ˣ

Fig. 15 ᵊ ︡ ṍḧ χ χὊⱲ ᴟˢNOWPHAS ᵎˣ

Ḱ χϯЛГ˔ЄдрД˔ЌψʼNOWPHAS ᵎρׁש╦χḢ ϢϤʼם∑τ Ḱ Υ
ΰοΜθ10Ὦ25 ρ χ ὯχὮ Ϭ ʽ

Annotation conditions of Rip currents

Cam03; 10/24, 25̓ 11/3, 4, 9, 21, 23, 28,  12/13, 14, 15˦11 days, 264 videos˧
Cam04; 10/25, 11/4, 9, 21, 28,12/14, 15˦ 7 days, 168 videos˧
Time; 8:00̇ 16:00

20 min/video

No Rip currents

Cam03; 9/20 7:00, 12:00- 14:00, 10/18 7:00- 17:00, 10/19 8:00- 9:00, 1400- :17:00
11/17 06:40- 07:19, 11/19 7:00- 16:00, 12/10 11:00- 13:00˦ 6 days, 86 videos˧
Cam04; 9/20 7:00- 17:00, 10/18 8:00, 10:00- 17:00, 10/19 11:00- 15:00
11/19 13:20- 15:19, 12/10 10:00- 13:00, 15:00- 17:00˦ 5 days, 86 videos˧

͑-1ʽᵤ χϙϘϜϤЄІГЭ˦ ӻᾉֿבỉ ᵤ ˧ˢ7ˣAIЯДиχ 

жϱТЈ˔РрϽⱧỘχ‰ ᴟ
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Fig.17 Examples of rip current detection by AI Model A - 2 compared 

with the annotation area for Cam 03.

25 Oct. 14:20- 14:40 3 Nov. 08:00- 08:20

4 Nov. 12:20- 12:40 23 Nov. 15:20- 15:40

Model A- 1 Model A- 2 Model A- 3

AI learning condition sub e10/e8 full e10/e10 sub e10/e30

Ture Positive˦TP˧ 483 990 642

False Negative˦FP˧ 1105 1256 1562

Ture Negative˦TN˧ 2090 1433 1475

False Negative˦FN˧ 0 0 0

Accuracy [(TP+TN)/(TP+TN+FP+FN)] 70% 66% 58%

Precision [TP/(TP+FP)] 30% 44% 29%

Recall [TP/(TP+FN)] 100% 100% 100%

F measure [2/(1/Precision+1/Recall)] 47% 61% 45%

Table.1 Results of AI verification of Model A

Model B- 1 Model B- 2 Model B- 3

AI learning condition sub e10/e10 full e10/e10 sub e10/e35

Ture Positive˦TP˧ 244 750 465

False Negative˦FP˧ 849 1807 1186

Ture Negative˦TN˧ 2584 1120 2027

False Negative˦FN˧ 0 0 0

Accuracy [(TP+TN)/(TP+TN+FP+FN)] 77% 51% 68%

Precision [TP/(TP+FP)] 22% 29% 28%

Recall [TP/(TP+FN)] 100% 100% 100%

F measure [2/(1/Precision+1/Recall)] 36% 45% 44%

Table.1 Results of AI verification of Model B

ỉבֿ ᵤ χ Ḱ ᾁ AIЯДиχ 

each value is average of 10 test results

Precisionˢ › ˀ Ḱ ρᾁ ΰθϜχΥ τ Ḱ ιμθᶤ›ʼᾋ ΰΥ ΨοϜ ᶎ
♪ˣ, Recalls ™ᾝ ˀם∑χ Ḱ Ϭ ΰΨ Ḱ ρᾁ πΦθᶤ›ʼ῏ᾁ Υ ΨοϜ Ḱ χ
ᾋ ΰϬΰσΜʽ Ⱨᾮ ♁χθϛʼ Ḱ χ ›ψRecall ♪ˣ, F measure ΥΩϜ‰Τμθ
Model A- 2Ϭ⅜ ʽˢAccuracyψ πΚϤʼ Ḱ χ Ϭ ΰΨᾁ πΦθᶤ›ˣ

͑-1ʽᵤ χϙϘϜϤЄІГЭ˦ ӻᾉֿבỉ ᵤ ˧ˢ7ˣAIЯДиχ 

жϱТЈ˔РрϽⱧỘχ‰ ᴟ
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Wearable device

Lifesavers can take early action



בֿ ᵤ τΣΜο Ḱ Υ ΰϞβΨʼם∑τEmergency CareΥΚμθCam 03χ╖ֲ Ӥ χ Ϭ
τʼЄІГЭχ τϢϥẎ ЄЬвй˔ЄдрϬ“μθʽ χ ψʼם∑τΚμθECχ ρ α

ṁ Τϣ75 mˢ Τϣ5 mˣτ ΰθʽ

ЄІГЭσΰχ ›ψʼ יּ χ ᾓּיΥԁ π Ϙπӱ ΰʼХиФЄϽЗиϬ ʼ₳ τΜθ
Υיּ 200 mτӡ βϥḗ♪ No. 2χжϱТЈ˔Н˔χᾕτἄΪνΪ ʼжϱТЈ˔Н˔Υ ṁ Ϙπ μο
ΦοʼйІϺв˔Щ˔ЖτϢϤẎ τΰΤΞ ρΰθ(Fig . 18)ʽ

ЄІГЭΚϤχ ›ψʼFig.19Ϭ╥―τʼ Ḱ ϵзϯϬ ΰʼLSχІЫ˔Еϳ϶АЎτ ʼζΰοʼζχϵ
зϯ τ ᾓּיΥ μθ ›τʼ™όLSχІЫ˔Еϳ϶АЎτẎ Ϭ ΰʼζϦϬ ΰθжϱТЈ˔Н˔Υ
ṁ Ϙπ μοΦοʼйІϺв˔Щ˔ЖτϢϤẎ τΰΤΞ ρΰθʽ

ᾓχὫᴮʼЄІГЭΚϤχם ›ψʼ ᶎיּ ϘπχⱲḧϬ ˢ281s̠137sˣτ βϥάρΥπΦθ(Fig . 20)ʽ

ЄІГЭψ Ϭꜛ ᾁ ΰοΜϥϜχχʼLINEϒχ Υ ӗ πΚϥάρˢםᾓπψế τ ˣϞʼLSχ
ІЫ˔Еϳ϶АЎ τ χЌϱЭжϽΥΚϥάρΥᶎ ήϦθʽ

Fig.19 Examples of rip current detection by AI Model A -
2 compared with the annotation area for Cam 03.

4 Nov. 12:20- 12:40

Fig.20 Results of Rescue simulation

ЄІГЭτϢϥ ṍẎ Ẏ χᾁ

͑-1ʽᵤ χϙϘϜϤЄІГЭ˦ ӻᾉֿבỉ ᵤ ˧ˢ8ˣЄІГЭḁ

жϱТЈ˔РрϽⱧỘχ‰ ᴟ

Fig.18 Sittuation of Rescue simulation

יּ

жϱТЈ˔Н˔
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Cam 01
Cam 02 Cam 03

Cam 01 Cam 02 Cam 03

14:00 15th  Aug 202014:00 15th  Aug 2020 14:00 15th  Aug 2020

ḗ♪

Fig. 21 ᵤ χϙϘϜϤЄІГЭχṐ

ᵤ ᵫ ˦ЄІГЭ֫ ˧
2020 7Ὦ24, 25 , 8Ὦ1̇ 31
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Rip Current

1,835
ϯж˔Е * ᾁ - LSẎ *

507 [1,839 ]

͑-2ʽᵤ χϙϘϜϤЄІГЭ˦ ᾉῈ ᵤ״ ˧ˢ1ˣṐ ᾁ

* Ђ˔ТϮ˔ḯϚ
ϓט [ ]

Fig. 13 Ὧ

Fig. 22 ЄІГЭτϢϥ Ḱ ϯж˔Еρ ᾁ Ẏ χὯ

ЄІГЭτϢϤ1,839 χⱧᾮ ♁Ϭםᾝʽ

2020 χῈ ᵤḰπχẎ ʾẎῐὯ
Emergency Care; 2ˢ χ ַỸӽᵰˣ

Fig. 23 ЄІГЭτϢϥ Ḱ ρ ᾁ χ

Cam01, 2020.8.24 13:39
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͑-2ʽᵤ χϙϘϜϤЄІГЭ˦ ᾉῈ ᵤ״ ˧ˢ1ˣṐ ᾁ

Fig. 24 ЄІГЭτϢϥ Ḱ ϯж˔Еρ ᾁ Ẏ χὯ Fig. 25 Ḱ ϯж˔Еχ Τμθ χᵊ ỡᴟᵔ χ

Cam01, 2020.8.13 13:00- 13:05

Cam01, 2020.8.14 9:30- 9:45

Cam01, 2020.8.12 14:15- 14:20Cam01, 2020.8.9 12:55- 13:00
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0 100 m

Offshore wind direction; 
S67W- S38E (ԇWSW- SE)

S

N

W E

S67W

S38E

Aoshima Beach

Onjyuku Beach Offshore wind direction; 
N45E- N45W (ԇNE- NW)

N

S

E W

N45E N45W

Fig. 15 ᴨṍ7˙8ὮχϷТЄдϯχ ˢ ֦ʼ2001̇ 2020 ˣ

Fig. 28 ᴨṍ7˙8ὮχϷТЄдϯχ ˢ ₢ʼ2001̇ 2020 ˣ

Fig. 15 Ὲ χйІϺв˔χ ԍ

Fig. 27 χйІϺв˔χ ԍ

Fig. 15 Ὲ χϷТЄдϯχ ΰ

Fig. 26 χϷТЄдϯχ ΰ

Ὲ ᵤ״ χйІϺв˔χ ԍψ︠τ Ḱ πΚϤʼ ψ6 %ρ σΜʽ ψῷ τϷТЄдϯΥ ΰοΜϥχτ ΰʼῈ ψ
Ϝ σΨʼϷТЄдϯπếΜ χ Ϝ σΜʽΰθΥμοʼῈ χᵤ χϙϘϜϤЄІГЭτψ ϯж˔ЕṐ ψ σΜρ―ΠϣϦϥʽ

͑-2ʽᵤ χϙϘϜϤЄІГЭ˦ ᾉῈ ᵤ״ ˧ˢ2ˣ ϯж˔ЕṐ χ χᾁ
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Onjuku Offshore wind velocity, Average/day

7/1 7/2 7/3 7/4 7/5 7/6 7/7 7/8 7/9 7/10 7/11 7/12 7/13 7/14 7/15 7/16 7/17 7/18 7/19 7/20 7/21 7/22 7/23 7/24 7/25 7/26 7/27 7/28 7/29 7/30 7/31

2011 1 3.6 2.8 0.9 2.7 1.7 6.8 9.6 6.9 5.8 4.1 2.2 0.8 2.6 4.2

2012 3.5 5.2 1.7 2.9 2.3 2.1 4.3 3.8 3.1 0.7 0.5 0.3 0.9 5.1 4.3 3.5 3.7 3.4 4 1 0.7 2.2

2013 0.7 1.5 1 1.5 0.8 2.7 1.3 3.9 3.8 2.9 4.8 6 4.5 2.8 1.2 2.3 2 2.7 4 4.2 0.8 3.7 1.7

2014 3.3 1.8 0.7 4.5 5.3 3.2 1.4 1.5 3.8 2.1 5.3 0.9 1 3.1 1 5.4 4.9 5.8 3 1.7 0.8 3.1 4.5 3.7 3.7 1.8 1

2015 0.7 1.9 1.7 3.9 4.6 2.9 4 4.8 2.9 1.7 2.1 1.1 1.8 0.9 1.9 1 1.9 0.9 2.7 0.4 0.4

2016 0.9 3 3.5 6.7 1.7 4.6 4.4 0.9 1.2 1.4 4.8 0.8 4.3 5.2 3.6 5.6 4.3 4.8 3.5 4.3 5.5 5.4 3.8 1.4 1.3 1.2 1.1 4.4 7.1

2017 1 1.4 2.6 5.2 5 1 0.7 0.9 0.8 5 3.3 1 5.1 4.4 4.9 3.5 6 2.1

2018 4.1 1.5 0.7 3 0.5 1 1 2.9 3.9 5.9 6 11 2 3.9 2.3

2019 1 0.7 1.1 6.2 4.9 6.4 7.2 5.8 4.3 6.5 4.3 5.9 0.6 5.2 4.8 4.6 6 1.3 3.1 2.6 1.6 2.4 2.8 0.9 1.3

2020 3.9 6.4 4.1 4.8 3.5 5 3.1 0.7 3.2 2.6 2.8 1 5.8 4.6 3.3

Onjuku Offshore wind velocity, Average/day

8/1 8/2 8/3 8/4 8/5 8/6 8/7 8/8 8/9 8/10 8/11 8/12 8/13 8/14 8/15 8/16 8/17 8/18 8/19 8/20 8/21 8/22 8/23 8/24 8/25 8/26 8/27 8/28 8/29 8/30 8/31

2011 4.7 3.5 2.7 4.2 2 0.9 0.8 6.2 3.5 3.8 3.3 1.5 0.5 3.4 5 3.8 4.9 6.2 3.4

2012 2.2 0.6 3.1 3.7 1.5 2 1.9 6.5 4.5 1.9 0.8 0.9 1.3 3.6 0.9 1.3 1.5 0.7 1 0.7

2013 4.6 4.6 1.8 0.7 0.7 0.8 3.8 0.6 0.4 1.5 2.5 2.2 0.9 1.1 3.6 1.4 3.6 2.6 4.2 5.6 3.9 1.4 0.9

2014 0.6 1.1 8.2 4.9 2 2.7 1.6 1.4 1.6 4.9 4.5 5.9 5.1 4 5.9 5.2

2015 1.8 6.1 5.1 4.8 5.9 2.1 2.5 3.5 3.1 2.4 3 3.9 2 2.4 1.1 7.4 7.5 6.4 4.9 5.2 6.1 7.2 3 4

2016 5.6 1.2 1.1 1.3 0.8 1.8 6.3 7.2 2.3 5.2 4.4 4.3 3.1 4 1.5 11 9.8 1.2 7.9 4.6 2.8 2 3.1 1.6 1.9 6.7 6.4 7.4 6.2

2017 5.1 5.8 4.6 3.5 1.7 0.9 1.8 4 5.1 4.5 4.1 5.3 3.5 2.8 6 4.8 2.4 4.1 4.3 3 0.9 1.7 1 5.2 4.7 4.3 2.6 7.8

2018 2.6 3 0.4 4.6 7.5 10 6.7 1.1 6.3 5.1 3.9 4.8 1.2 2.4 1.3 1.5 3.2 3.5 1.1

2019 2.3 3.6 0.4 3.3 3.3 2.4 3.9 2.8 2.6 4.2 0.9 4.7 5.2 4.7 2.2

2020 6.2 5.1 4 0.9 0.8 0.7 2.1 4.2 5.6 0.9 4.7 3.7 0.6 0.5 2.1 2.7 5 4 3.7 1.4 1.4 1.1 5.2

Aoshima Offshore wind velocity, Average/day

7/1 7/2 7/3 7/4 7/5 7/6 7/7 7/8 7/9 7/10 7/11 7/12 7/13 7/14 7/15 7/16 7/17 7/18 7/19 7/20 7/21 7/22 7/23 7/24 7/25 7/26 7/27 7/28 7/29 7/30 7/31

2011 10 9.7 11 11 8 5.7 5.3 2.3 1.3 1.1 1.4 1.3 2.7 13 13.5 7 1.2 3.5 1.8 2.2 5.4 2.8 2.6 2.7 4.3 2.8

2012 12 5 9.8 10 8.9 11 9.7 0.7 4 4.3 5.8 5.3 10 6.6 4.9 3.8 8.1 3.4 6.1 5 5.9 2.6 1.2 3.2 3.1 3.3 4.9 2.4 2.5 1

2013 1.9 7.3 5.7 10 8.4 7.7 5.4 5.8 5.9 5.3 6.2 5.7 7.1 6.7 3.3 6 8.9 4.9 1.5 7.7 9 9.9 9.5 8.5 9.4 7.4 10.7 8.6 8.6

2014 5 3.4 5.6 8.5 4.7 1.6 5.1 1.2 15 16 9.3 6.5 11 7.6 6.5 6.7 5.4 3 4.2 1.4 2.3 2.8 7.5 6.2 5.9 7.6 5.8 1.5 2.4 7.5

2015 9.6 5.8 2.8 1.4 3 2.4 2.6 1.7 0.7 6.2 1 0.6 11 12 6.1 5.7 4.9 3.1 2.6 2.1 1.6 8.6 8.1 8.3 8.5 4.5

2016 4.5 4.7 8.1 3.3 3.2 3.2 1.9 4.3 6 2.6 6.8 9.1 7.6 7 6.5 2 7.4 6 3.6 2.6 3.2 2.8 1.9 1.3 2.4 3 3 3.4 2.3 3.4

2017 7.5 5.9 5.3 11 8.6 6.4 4.4 5.8 5.6 5.9 6.3 7.1 4.7 3.1 3.8 6.7 7.1 7.4 5.8 2.7 2.8 3.6 5.2 4 2.6 3.4 5.5 0.7 2.6 2.4

2018 7.3 3.1 5.1 6.9 5.1 2.9 0.8 3.6 2.9 2.4 3.4 2.6 2.2 2.3 2.6 3.8 5.2 5.3 0.6 2.5 3.1 3 5.9 3

2019 2.4 1.6 4 1.5 1.9 4.1 1.3 0.5 3.6 2.2 9.5 7.9 3.6 5.2 1.6 5.9 0.7 4 1.1 9.2 4.4 4.8 6.9 5.6 4.4 2.8 5 3.2 1.5 2.2 3

2020 8.1 3.3 4.5 8.8 5.6 8.3 6.9 7.7 5.8 6.1 8.6 4.4 4.8 9 7.1 2.3 2.9 1.6 4 8 7.5 6 5.6 3.9 8.1 4.3 5.2 6.4 1.5 3.4 5.3

Offshore wind velocity, Average/day

8/1 8/2 8/3 8/4 8/5 8/6 8/7 8/8 8/9 8/10 8/11 8/12 8/13 8/14 8/15 8/16 8/17 8/18 8/19 8/20 8/21 8/22 8/23 8/24 8/25 8/26 8/27 8/28 8/29 8/30 8/31

2011 2.5 2 3.8 4.8 3.2 5.3 4.1 5.3 7.2 8.2 5.7 9.6 10 11 6.6 8.6 7.6 6.8 5.4 1.3 3 1.5 1.5 2 3.5

2012 1.6 1.9 4.9 2.1 2.2 5.4 5 7.1 3 3.4 1.9 2.8 3.4 1.8 2.7 4.6 4.3 3.6 9.6 7 3.8 4.3

2013 8.4 7.1 5.4 5.9 7.5 6.7 7.7 7.1 6.4 3.8 3.4 4.8 1.4 2.7 2.7 2.1 2.8 1.6 0.7 0.4 3.8 8.4 9.7 8.3 5.3 3.6 2.9 9 8.9 7.8

2014 7.2 5.3 4.6 2 2.6 13 15 6.7 6 1.5 4.2 3.4 6.9 3.5 8.7 3.3 3 3.9 3.5 3.2 4.9 6.9 7.6 5.5 3 2 3.1 3.6

2015 3.3 2.1 2.4 2.4 3.2 2.3 1.7 2.8 2.7 3.5 6.9 6.7 9 6.5 3.4 1.7 4.2 1.6 3.1 4 7.2 5.8 3.1 2.6 15.2 6.1 4.9 3.5 3.9 4.1 1.3

2016 3.1 3.5 2.3 3 2.5 5.5 1.3 2.4 3 2.9 2.1 2 2.9 3.7 3.2 4 3.9 2.7 2.4 2.9 2.7 1.7 2 2.9 2.5 5.2 11.1 11.8 9.9

2017 3.6 3.3 12 12 8.3 6.7 8.5 6.2 2.7 3.5 2.7 9.7 8.3 5.6 5.3 3 2.1 2.7 3 5.3 7.8 7 6.4 1.5 3 2.9 3 2.9

2018 4.2 1 3 3.5 5.8 4.1 2.1 2.7 2.1 3.1 7.5 8 4.2 1.4 2.7 3.6 2.5 4.6 6.8 1.9 4.2 2.6 3.1 2.7 3 7

2019 3.2 2.8 19 0.9 12 8.1 6.3 1.6 1.6 3.4 3.8 5.3 6.8 5.4 2.8 1.4 3.2 5.2 6.8 5

2020 3.3 3.4 3.3 2.6 3.3 5.9 5.9 4.5 4.2 8.4 7.6 7.2 7 7.2 5.4 2.3 3.1 3.3 3.6 3.6 2.8 3.1 3.2 3.1 11.2 6.7 3.6 2.7 1.9

Fig. 29 ᴨṍ7˙8ὮχϷТЄдϯ 2m/sӟ χ ˢ ֦ʼ2001̇ 2020 ˣ Fig. 30 ᴨṍ7˙8ὮχϷТЄдϯ 2m/sӟ χ ˢ ₢ʼ2001̇ 2020 ˣ

͑-2ʽᵤ χϙϘϜϤЄІГЭ˦ ᾉῈ ᵤ״ ˧ˢ2ˣ ϯж˔ЕṐ χ χᾁ
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Ⱬꜟⱪ◦◓♫ꜟ 

Fig. 31 ХиФЄϽЗиχ╖ֲ Ὧˢ2020 8Ὦ18 ╖ֲˣ

ᴨṗᵤḰ ⱲτΣΜοṞάϤ ϥ ˑσ Ὧχᵊ Д˔Ќˢ108 Casex Ϭ ΜοʼХиФЄϽЗиϬᾁ
βϥθϛχAIЯДиϬ  ΰθʽ  ΰθЯДиψʼХиФЄϽЗиχ τ ᴂβϥdrowningʼnot 
drowningϬ‰Μ ˢPrecision; 76- 80%, Recall; 90- 94%, F measure; 82- 87%x πᾁ βϥάρΥπΦθʽ

Fig. 32 AIτϢϥᾁ Ὣᴮχ

Cam 01

Cam 02

Cam 02

͑-2ʽᵤ χϙϘϜϤЄІГЭ˦ ᾉῈ ᵤ״ ˧ˢ3ˣṐ ếᴟᾁ ˀХиФЄϽЗиχᾁ Ṑ
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Fig. 33 ᵤḰ יּ χ ᴟˢ ỡˣ

Fig. 34 1 χᵤḰ יּ χ ᴟˢⱲḧ ỡˣ
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[ ]

Fig. 35 1 ḧχᵤḰ יּ χ ᴟˢ ỡˣ

͑-2ʽᵤ χϙϘϜϤЄІГЭ˦ ᾉῈ ᵤ״ ˧ˢ4ˣṐ ếᴟᾁ ˀᵤḰ יּ ρ χ ᾁ
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ᾝ π5mЮАЄвχϽзАЖϬ⌠ Ϭ Μοԁ ♪ τϢμο2mϽзАЖϬ⌠ᵊ

AIτϢϥ ᾁ +ἁἹ Τϣ χ℅ Ϭ︡2mϽзАЖ+ χ τϢϤʺ
ˢ ρχḧᶖ2.0m ˣϬᾁ

͑-2ʽᵤ χϙϘϜϤЄІГЭ˦ ᾉῈ ᵤ״ ˧ˢ4ˣṐ ếᴟᾁ ˀᵤḰ יּ ρ χ ᾁ
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