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Table.1 BKBBICH TR HEKICHTTE574 7—/"—DBLSHE
(2009~2014%E, 86CPRIEFID 5 b T — X DD AIHEA 44CPREERI ICH T 2 AEHER)

| mkcPampl (n=ae)| BEBY(M=22) | BER%EL(n=22)

BENEGEE
FI9EE 36.2 32,9 39.4
B (&) 40 [91%] 20 [91%] 20 [91%]
54 7&—/3—I2&3BCPR 44 [100%)] 22 [100%)] 22 [100%)]
WMEDEE
AT 44 [100%)] 22 [100%] 22 [100%)]
AEDDEF 41 [93%] 20 [91%] 21 [96%]
B HmED 4 [9%] 3 [14%] 1 [5%]
"R
AER 15 [34%] 15 [68%] (] [0%]
157 BiEHFR 13 [30%] 13 [59%] 0 [0%]
#H2ERE (CPC1-2) 13 [30%] 13 [59%] 0 [0%]
e IcBEd 2 H5R
CPRZR1AT % £ TOFITMFRE () 6.7 4.2 9.3
RIBICH T 5.0AFEH X TORM (59) 8.1 8.1

HE#:T. Komine, H. Tanaka, H. Takyu, T. Kinoshi, S. Gotoh,E. Sone, R. Sagisaka, T. Ishikawa, S. Shimazaki; Effectiveness of
surf lifesaver on OHCA occurred by drowning on the beaches in Japan. 8th Asian Conference for Emergency Medicine.
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Difficulty of risk recognition and judgement under the momentary
change in natural phenomena.
Especially understanding of Rip currents.

The number of lifesavers is small at around 1 lifesaver
compared to the thousands of beachgoers.

1 Lifesaver vs. over 1,000 beachgoers

. . Beachgoers sometimes enter unpatrolled
SW|mm|ng area areas outside the swimming areas.
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At time of
Rip current generation
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)’ Al

Al analyzes the image
data in real time

Take photos of the surface image

_BeaChgoe_rs and swimmers enter System informs it to lifesaver’s wearable device. Then, Lifesavers can take early action.
into the Rip current area A drone can fly automatically by linkage with the Al rip current detection.
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[Rip current survey]
February 24, 2021 13:00-15:00
Breaking wave height; about 0.5 m, tide level DL+0.05 m

Observed waves at NOWPHAS wave observation point (53 km northeast of
the target coast); Hy/; =1.15m, T, =7.8s

Rip current 1_wakasawada_2021.02.24
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20 AL B 4 web cameras were installed on the beach so that these
OGN locations would be within the shooting range of the fixed-
point camera.

ez :iﬂ: |_‘|,‘_|3 Fig. 16 Images of shooting areas by 4 web cameras C CHUO UNIVERSITY 24
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oWave Observatory
NOWPAS

. Ri t taion, 14 d
, RIP current annotaion, ays Color dye survey, Feb. 21
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R o o l— Fig. 17 Wave conditions during image data acquisition period used for Al learning. (15t Sep. 2020 - 30t April 2021)
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Surface image data
Cam 1,3 and 4 from 1 Sep. 2020 to 30 April 2021
7
Annotation by 3 experienced lifequards
=z ~.
Vid — r— ) Training samples  [Data Augmentation]
ldeos Rip current Without Rip current over 6x10° images with different scale, random
[14 days, 462 videos] [9 days, 262 videos] horizontal fllpl, hue, saturation, and brlghtness.I
Cam 1; 11, 22 March, 5 April Cam 1; 5,9, 28 March o, . . .
[3 days, 79 videos] [3 days, 90 videos] split 8:2 for training and validation
Cam 3; 24,25 Oct., 3, 4,9, 21,23, 28 Cam 3; 20 Sep,, 18,19 Oct,, 17,19 Nov,, 1 8/ \ 2 8 / \ 2
Nov. 13, 14, 15 Dec. Dec. — - - -
[11 days, 255 videos] [6 days, 86 videos] Rip Train || alizlapti on F\{Y 't%?a“iL V:lllat{]igg:iglllp
Cam 4; 25 Oct., 4, 9, 21, 28 Nov., 14, 15 Dec. Cam 4; 20 Sep., 18, 19 Oct., 19 Nov,, 10 Dec. samples samples SaFI)'T'I les samples
[7 days, 128 videos]  +Cam 3 = 383 [5 days, 86 videos] +Cam 3 =172 P P P
. ] A . . [N =13,998 [N = 3,498 [N =13,998 [N = 3,498
Each video between 7:00 and 17:00 is 20 minutes long with a frame rate of 3 ' ' ' !
\ frames per second. y (4,666/ﬁ1m)] (1166/cam)] (4,666/cam)] (lﬁé/cam)]

| ¥
Hold-out method

( 2 )
A Feature extraction
- ~\ - method of differences of 3 consecutive images as the feature
Training Videos : 697 videos Test Videos \__extraction for the rip current detection. )
_ Cam; 162 videos, Cam3; 331 videos, Camé; 204 videos | Cami; 7 videos Y
Cam3; 10 videos (Al learning h
( A : h Camé; 10 videos ; ; i
Tralnlng samples [Data Augmentatlon] ' Tiny YOLO was used as the Al object detector algorithm (44-
over 6x10° images with different scale, random horizontal layer). The number of times of learning was determined by
\_ flip, hue, saturation, and brightness. y \ using all the data (Full) and a part of the data (Subset).

J

EE o l— 13 Fig. 18 Al learning method and composition of data
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2U29=-19=-23 JET Hﬂ’i}% ' » = ZUXY—-L11-uty UST 1Z38L%L

Rip 0.50 - IoB 0.70

Test video

FS

Confidence 0.3, Intersection over Unit 0.3

Test video

Fig.19 Comparison of the rip current detection by Al and the annotation area.

Table 1 Al model evaluation method Table 2 Verification results of created Al model.
A ’ Percentage of correctly detected rip currents and without rip currents
b A (TP+TN),/ (TP+FP+FN+TN) EUNEN 0387 0.48 1.00 0.65
_ 0.84 0.71 1.00 0.83
Precision Percentage of correctly detected rip currents. 0.86 0.19 1.00 0.32
TP/ (TP+FP) 0.89 0.23 1.00 0.37
Recall Percentage of correct detections for all test rip current data. Confidence 0.3, Intersection over Unit 0.3, Skip 3 frames( /s)
TP,/ (TP+FN) TP: True Positive, The result of Al judged as a rip current is correct.
. . . FP: False Positive, The result of Al judged as a rip current is false.
Harmonic Mean of Precision and Recall. . . . . .
F measure (2 x Precision x Recall) / (Precision+ Recall) FN: False Negative, The result of Al judged as a without rip current is false.

TN: True Negative, The result of Al judged as a without rip current is correct.
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-

(a) Shooting image 12:00, October 23, 2021 (a) Shooting image 12:00, October 23, 2021
; :

An overlay of the Al detection areas for 1 hour

(b) Detection areas overlaid an averaged image from 12:00 to 13:00 (b) Detection areas overlaid an averaged image from 12:00 to 13:00
Fig.21 Example of rip current detection results by Al of Cam 3. Fig.20 Example of rip current detection results by Al of Cam 1.
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Numerical simulation

Photographing

ranges
B (4] D ~ [o:]
8 8 38 8 8
N ~ T T | [ PR T O R
§ S ¥ Case 32 Waves }
g H=1.26 m, T= 5.8 s,
> Wp=173.0°,T.P.+0.45 m
o -
g 8 Photographing
ranges
s -
< 0.1 meter/sec
H Water Depth [m]
Bl Above 7.064
4113 - 7.064
> 1.161- 4.113
8 B 1791- 1.161
@ B -4743- -1.791
8 Bl 7695- -4.743
@ Il -10.646- -7.695
o Il -13.598 - -10.646
&3 B -16.550 - -13.598
- = I Below  -16.550
Fig.22 An example of the calculation result in case of rip current detection by Al.
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Verification of Rip Current Detection by Al

Numerical simulation

Photographing

ranges

(00}
- 005
- 009
- 008

Case 36 Waves g
H=0.33 m, T= 7.4 s,
Wp=157.2°,T.P.+0.64 m

00

00:G¥'GL L2/ZL/8Loe

Photographing
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009

008

0.1 meter/sec

H Water Depth [m]

B Above 7.064
4113 - 7.064
1.161- 4.113

N 1791 1.161

Bl 4.743- -1.791

Bl 7695- -4.743

Bl -10.646 - -7.695

B -13.598 - -10.646

Il -16.550 - -13.598

Bl Below -16.550

oooL

1088:L 21edg

[w]

Fig.23 An example of the calculation result in case of no rip current detection by Al.

VV\“S x E‘ZE ° '—
) ~i2 oyt gnl:;lJfrc\r & CHUO UNIVERSITY 31




AltloTZERA LI BADHREL N AT L

The 4t system operational beach

———",
gr\

The 3rd system operational beach
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GE @ Eél;-lzr\ Fig. 24 Examples of rip current detections and human entry detections.
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Rip current accidents

Before the system operation; 2-293/year [2014-2019]
After the system operation; 5 [2019], 0 [2020, 21, 22], 34 [2023*]

*no-operation

No accidents

3rd heach [2021-]
Wakasa-wada beach

SN S S

Rip current accidents
Before the system operation; 0-5/year [2015-2019]

After the system operation; 0 [2021-]
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4th beach [2022-]
Kamakura-
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Totton,
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. 5’%@ o i e 5th |y h [2023-]
No accidents . Nw;:m"? _ ea_c - Rip current accidents
Kisami-Ohama beach Before the system operation; 30-374/year [2015-2019]
After the system operation; 43 [2022], 30 [2023]

‘ zaki
2nd peach [2020-] '
Aoshima beach /

No accidents

Rip current accidents
Before the system operation; 7-40/year [2015-2019]

After the system operation; 0 [2023]

Rip current accidents
Before the system operation; 7-45/year [2015-2019]

After the system operation; 0 [2020-]
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S

Help signal
By THY

AUSTRALIA UK CANADA USA

e Water Competent?
| Need Help! "

Wave your arm above your head and attract attention if you o

need help!

Lifeguards watch for this signal, so if you need help, they will be on their way.

Chain of Drowning Survival

Safety a Priority A person who is drowning has the greatest chance of survival if these steps are
followed:

s | 11. Learn the emergency signal.
Lifebodts

Know What To Do In
An Emergency

— @ ‘ ‘ ‘
< >

Activity: Lifeguards have lots of equipment to help them get to people who need
help. Can you name anything they use?

ncase of any emergency. surf coachs or surfcoach
friend about his signal soit s Oneat i ach whie
waving one arm completely staight. to and fro above the head

Link: But remember, if we can’t see you, we can’t save you!

RNLI Life Skills: teach your child to signa for help

The Royal National Lifeboat
Institution

i -

Help elp elp

11 Security Aspects of Surfing - Beginner Surf Tips

(barefootsurftravel.com)

Hand Signals for Ocean Swimmers - VladSwim RNLI Life Skills: teach your child to signal for help - YouTube
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RESCUE
WEBINAR

New technologies under
Development or Available

e Shark detection [Al]

e The system developed by UTS is being used by industry partner Westpac Little Ripper to identify
sharks, raise alarms and provide greater protection for swimmers and surfers..

Sharkspotter Al Crocodile detection system for drones

Sharkspotter

Ripper Corp., https://rippercorp.com/divisions/little-ripper-lifesaver/

Ripper Corp., https://rippercorp.com/divisions/little-ripper-lifesaver/

Nabin Sharma, Muhammed Sagib, Paul Scully-Power & Michael Blumenstein; SharkSpotter: Shark Detection with Drones for Human Safety and Environmental Protection, Humanity Driven
Al pp 223-237, 2021. https://link.springer.com/chapter/10.1007/978-3-030-72188-6_11.
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Introduction
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Introduction

Actual situations of water-related accidents in Japan

Near drowning experience

Bath

Lake/Pond 18%
No, 51% NCTRALA b% Pool
Rtis‘:/e o

Why...?

When swimming pools are opened in schools
in summer vacation, guardians without
monitoring experience are in charge of
safety management in many cases.

n; z,zsR

Data; Japan Lifesaving association,
National sports aaency commissioned proiect. 2022.

Fig. 40 Results of a survey of elementary and junior high school students regarding a near-drowning experience.
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Introduction

Existing technologies to assist the monitoring and rescue; Personal device for drowning prevention

Sentag Pool Safety

BlueFox STI1 System
L A\
- - % L‘w‘.;;‘.
-\ -\ \ "V
Bluefox [Switzerland] https://www.bluefox-swiss.com/en/systems-for-private/ Sentag [Sweden] https://www.sentag.com/how-it-works/
WAVE Seenwater
Wavedds [New Zealand ] https://www.wavedds.com/explore Seenwater [China] http://www.seenwater.com/(
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Introduction

Existing technologies to assist the monitoring and rescue; Computer vision drowning detection

Coral Detection Systems

Shtik Media [Israel] https://coraldrowningdetection.com/

Poseidon

SwimEye ©)
I ] oseidon
—— xSehicon)
— - actief
| e 4 B 23102012 1447
SwimEye [Norway] https://swimeye.com/ Maytronics https://drowningprevention.com.au/
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Introduction

Uimahallin valvontakamera Helsinki, 30.1.2016
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Introduction

It is important that before near-drowning which means that a suspected drowning or dangerous situation,
the technology should detect and enhance “Keep Watch”.

Swimming » Dangerous situation » Near-drowning >
In the developed system, Al analyzes image data Web Camera Pool
which is taken by web cameras at the poolside in real 00
time. -
At the time of detection of suspected near-drowning, Al P
drowning and dangerous situations leading to x
drowning accidents, the system informs it to the Suspected
lifeguard’s or pool staff's smartwatch. Alert | drowning
Alert and
detection image ® @
data @
-G M A2 T
Suspected
Smartwatch drowning
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Creation of Al model
Determination of Collection of Al : Verification of £ : l
detection objects image data earning Al model xperimental test

Suspected near-drowning, drowning [4 cases]
al a2 | a3 | a4

. 7

Beating the water surface Head bobbing up and dow Climbing the ladder movement Flow or submerge without moving limbs

Dangerous situations leading to drowning accidents [5 cases]
b1 b2 b3 fb1 fb2

- ¥ i, - o
¢ : : - % ; ‘
RIERT - i 8

Moving underwater while Collision of swimmers Diving under a platform on the Capsizing of pool float Person hiding under the pool
jumping up and down bottom of the pool float
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Creation of Al model

Determination of

Collection of Al : Verification of e : tal test
detection objects image data earning Al model PEETIETE] e

1st Al model

Small swimming pool
20mx10 m, h=0.8-1.Tm

32,867 image data

Fig. 41 Examples of image data of near-drowning and dangerous situations by subjects.
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Creation of Al model
Determination of Collection of AlL : Verification of e : tal test
detection objects image data earning Al model Xperimentat tes

Suspected near-drowning, drowning [4 cases]
2

A R

Beating the water surface Head bobbing up and down Climbing the ladder movement  Flow or submerge without moving limbs

Dangerous situations leading to drowning accidents [5 cases]
bl b2 b3 fbl fb2

metrics/precision metrics/recall

jumping up and down bottom of the pool float . 1 . 0
Suspected drowning Dangerously situations leading to 0.9 r 0.9 ‘

Moving underwater while Collision of swimmers Diving under a platform on the Capsizing of pool float Person hiding under the pool 1 O

drowning accidents -
Validation, 0.8 '
1,375, 20% 0.7 |
O.7 0.6
Al 0.6 0.5
« 0.4 &
yolo V35
: : 0 50 100 0 50 100
Total number of Labels; 14,477 Total number of labels; 6,912 Al abject detector algorithm : - :
e = Fig. 43 Changes in precision and recall depending
Fig. 42 Number of labels in Images for Al deep learning. on the number of epochs. [Model 2-2]
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Creation of Al model

Determination of Collection of

Al L . Verification of - . ——
detection objects image data earning Al model PEETIETE] e
168‘1.161 5 — T | : 8 = .. B 7 ' T 0 - o _‘ . ‘ .

---------

L il | ] §ifs[) . fast-forwarde
aa'y‘ayﬁl'u;d.:-;‘f % i o s by 5 ol g / = | . Al i B = B X :

| L A video
Precision 96.0 % Percentage of correctly detected near-drowning and high-risk situations.
’ TP,/ (TP+FP) N ) . .
Recall 95 79, Percentage of correct detections for all test near-drowning and high-risk TP: True Positive, The result of Al judged as a rip current is correct.
eca -1 7% cituations TP,/ (TP+FN) FP: False Positive, The result of Al judged as a rip current is false.
E 0.96 Harmoni(; Mean of Precision and Recall FN: False Negative, The result of Al judged as a without rip current is false.
measure ’ (2 X Precision X Recall) /(Precision+ Recall)

TN: True Negative, The result of Al judged as a without rip current is correct

PACIFIC NETWORK
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Creation of Al model

Determination of Collection of Al : Verification of
detection objects image data earning Al model

Experimental test

The developed system was tested in the swimming pool for 79 days from 26 July to 20 Oct. 2022.

1a:31

—a3 MEHEZELE

L)) LINE Notify

T PEE TS

Fig. 44 Examples of notifications to smartphones
and smartwatches by the system.

The results of detection of suspected near-drownings and dangerous situations were generally reasonable.
Inexperienced pool staff can determine the high-risk situation that requires attention by using the system information.
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Application

274 Al model
Main pool 50 mXx25m, h=17-20m

metrics/precision metrics/recall
‘Suspected near-drowning, drowning Suspected drowning 0.8 0.8
at '
Validation 0.6 0.6
, 21208% ‘
0.4 04 |
)
Al 0.2 o3
oo B 1
yolo V5 0 200 0 200
Total number of labels; 2,358 . : . :
olanimaer o tanes Fig. 46 Changes in precision and recall depending
Fig. 45 Number of labels in Images for Al deep learning. on the number of epochs. [Model 3-2-7]

PAC'F'C NETWORK & CHUO UNIVERSITY 60



Application

S1vay UL e et A =
A= oy Percentage of correctly detected near-drowning and high-risk situations.
Precision 94.1% TP,/ (TP+FP)
oy Percentage of correct detections for all test near-drowning and high-risk
sezal VB L e e Antsn
F measure 0.93 Harmonic Mean of Precision and Recall.

(2 X Precision X Recall) /(Precision+ Recall)

PACIFIC NETWORK

fast-forwarded

AN FRB1

TP: True Positive, The result of Al judged as a rip current is correct.

FP: False Positive, The result of Al judged as a rip current is false.

FN: False Negative, The result of Al judged as a without rip current is false.
TN: True Negative, The result of Al judged as a without rip current is correct
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Conclusion

The developed system would strengthen “Keep Watch” in pools and create a safer swimming environment.

G[{'lfﬂ 1.181

fast-forwarded video

ERBL

AGQUA GUARD %
SHMMAIHAS

s==b
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