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[Abstract]

This paper proposes a method for acquiring and analyzing ocular data using a special-purpose diver
mask targeted at divers who primarily engage in underwater activities. This involves tracking the user's
gaze with the help of a custom-built ocular dataset and a YOLOvVS-nano model developed for this
purpose. The model achieved an average processing time of 45.52ms per frame and successfully
recognized states of eyes being open or closed with 99% accuracy. Based on the analysis of the ocular
data, a gaze tracking algorithm was developed that can map to real-world coordinates. The validation of

this algorithm showed an average error rate of about 1% on the x-axis and about 6% on the y-axis.
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I. Introduction

53 A clolelo] FR4ol Bg YrtERA oS &

8% 2% NS 9 ol B3 BAl A7} Bus) T
T Ik Alo] A clolele AR 717 Alee) ol
U 7 AR BE D o 52 wjshed] BRI
f.0lck 53] Ao} b7 dlolel 717} ek widst
L 303 AE 5 SR 2 4 ok A7E AAY 02

—r‘

o7 ERl R 217 Aele] Wekg vielshe ool
Mg mgstn gt ol2idt AFSS A A%
o A2 GRSt T Aeted] 2 7]0iE
}%}q KA ElolE 2 Aelat 4 % o
T, AaRste A& So] &
7<lOﬂ/ﬂL ol2igh A&l ClolHg H&sto] AIA %EH%

okt ool Qitk. SIAITH 25 BN 4
Oﬂ o3 Al clolele] ARy 74, AFE 9 /\}_,_J.gg}
= dlojg HS Al 29 ot Fgo2 gx|9} ulwsA
JaiRlog A= E=7t 32 Holoh o]e} o] 5 2o
A= A x%i/\l IR 0]8.6} Clo|H 2] AlA] M—Eﬂg oSt
8 ofgigo] Wt Al =2 SFoM = HIFFAIC
= 49g & 91 1S FHAIcE E5t Alde] e A
Al el
&9 8A1Q
cjot o] 59| 5 Ao vy
A ot BHO] e g modt 4 glon] Lol 9
e oA 2& 9ok

2 =RolA cloluie] AAZE QL g4} Elolefe]
31 A 3R B 97 S ARt 25 7

oflA] ek dlolEl7} ok A dlolele} vl mato] 7P 4
ol% x]—;ﬂg H]Ha/ﬂoﬂ 7] o} }\l/\]7} 0']6}2:]' 1]0]]51 2} o
o] 7}ssich= Aojct. &3t O}—__rL |:ﬂo]151L /\]71-7<4 g
ot ofUz} AlA9)
Bioll dish Zash 9AE
559 37], wAEY AU Et HolH &
ol et AlFAR o R AW K]S 4 Qlok ot Zol
$5oIM9f Ot HlofEl= tholw o] AR H o= g wH

L

E!HH

g 591 g 25
clorst A

L.

g0 glo] FEET} =2 @40tk ok HojEle] AL
550 58 A QAL 2 A 2e el it 91
o2 AR AHEjQ] o)At A5 mhdo] st 71isAS EuEt

O% =
4 9lo. 3t Cloluo] Al 2R ojeg ARk
o oo} W4 g4z LY 4 Uk

=20 2oL o 10151% 283 1% A
RS 9 ol A W] B AT IS B0, 3

FolAts AARE O G dloly 24 g AR

2 ot
PRI AL F3 A ol det 43 Sty
7

V3ol 2E2 Aleth

II. Related works

OF HlolElS FgaliA ALEA} o) BAolL} Alk
B2 o= 2 Tosle Zu BeiE oekst 3t &

ZAo]ct.

(312 &arte] A1 27 % AIA % olafo] Bt o
—_r’-if‘f\‘] oﬂ': D}o Eg;] l:|_] 947:] 7}131]3} }\]/\Eﬂo o]_Q_ }o:]
2Arte] A4S Z7gats ol thell T Tt Al
A ER A AEIS AL85to] &IALe] =1} O1X| HalE

olslislr] 1t BAlolm, H= OLEH 71715 ALSSHA

1 4
123]

w1
S AR delElE S Y B o ol
£ SIS RIS LN A S S 212

slgog £ =RA ARtshe AN SR QAR B
o] 712 oF A ot} X[} i ol SAIKIe} T2 of

Aol 22 951 9lom, 2504 tholejo] e} B
Ejat tolo] EAgic
(41 B1F 7I8te) SIA} Q| ot B ATo] Bt

goltt. 23IA19] QA kS BRsb] 9As) Flolete
og3) BT A7ol A dolElT Bajstel Qx] B

sk Wokstel, oAl ejdat | e 714 Bed £

2 GFe 7Y gHYUL —Er*iﬁ}@l X L)
AERAZ FASHE Zoltk. S A7 oiAl 2igi

L L el

2 7leg B8N 279 %ﬂm dlolelg it
£ e uigoR B =Ro4 Aestust ot | 2y
a% 89 97 ol 24al 4% SAE i
@ Qx| sfol ot 273} clojuie] 247} Aefe] chet

o|Ar xl_@& Zjb(]s}t 74 o x}o)7} ER|sic].

[5]= AOLE @A 0] FR|oIM HAl &Y 7eS &8
<k ol FAof Utk A+ hgolot. thfeh =)l

o o
ol BRI I3 oAl 2 B 71ue Aeteta gloo)
AH

of|A] B]AAMR o] THElS Aldsh=]
ol2iat 742 Megitt et ok A4 olo]ej2 AR
AR LEolt ol A5 A

(o]
Rl AR )Y e

|m
2
o]
A
l?_;
L=
L ric
o

Sicte Ol AoVl ZApRIC
oA UrOlHH 2748 AAzto R Bl
A7 tgolct.

Aol L} Alurs



Research on Ocular Data Analysis and Eye Tracking in Divers 45

9 A A2 S fA AR RUEFSD, thol# 9]
RS oIt 1A Wrlet 718 117 Ao AHgEck &
=30 M| HoJHE AFESITH= HoA B SAES
A &5 ol0]x] Ho|§E g3 et oA

T =

Roldo] EAftct. ojet Zo] it HlolH = ot A+
wofolA ZEEL AR F =FolA AlQshs Wi

F70] SARE A7 ok PP 3] AsTh,

III. The Method of Ocular Data
Analysis and Eye tracking
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1. Real-time ocular data acquisition and
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Fig. 1.

Special purpose diver mask
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2. Real-time ocular data analysis method
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2.1 Implementation image datasets and deep
learning recognition models
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2.2 Diver eye tracking algorithm
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Fig. 3. Eye, pupil, Medial canthus, Lateral canthus
class labeling standard (top: classification standard by
region, bottom: labeling standard)

Fig. 5. Eye tracking device (top left: Google Glass, top
right: Pupil labs, bottom left: Apple vision pro, bottom
right: BMW Cockpit)
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Fig. 6. Initial calibration method for eye tracking (example)
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IV. Experiment and Verification

1. Implementation and verification of ocular
detection model
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Fig. 8. Ocular data recognition model learning results
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Table 1. Number of data for each class
Open Pupil Lateral Medial Closed
Eye . Canthus Canthus Eye
7169 6789 6981 7152 1263

Table 2. Average processing time per frame

YOLOv8-nano
45.25ms

YOLOv8-medium
310.15ms

Avg. Processing Time

Table 3. Average confidence and recognitions count

YOLOv8-nano YOLOv8-medium
State
Conf. Cnt. Conf. Cnt.
Open Eye 91.39% 1835 91.81% 1835
Closed Eye 90.59% 269 91.55% 270
Medial Canthus 74.54% 1375 75.51% 1377
Lateral Canthus 82.73% 1816 83.22% 1818
Pupil 86.60% 1829 90.09% 1828

Table 4. Recognition success rate by state

State Success rate
Eyes open and closed state 99.9%
Medial th iti
edl.a canthus recognition 74.93%
in eyes-open state
Lateral canthus recognition 98.97%
in eyes-open state
Pupil recognition in eyes-open state 99.67%
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2. Verification of eye tracking algorithm
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Fig. 9. Eye tracking verification image
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Fig. 10. Eye tracking verification results

Table 5. Eye tracking verification results

Ground Real World Error rate Error rate

Truth Tracking (X axis) (Y axis)
(1720, 720) (1732, 720) 1% 0%
(805, 195) (805, 195) 0% 0%
(1400, 175) (1393, 202) 1% 15%
(2035, 175) (2049, 170) 1% 3%
(2630, 195) (2627, 320) 0% 64%
(1265, 463) (1277, 456) 1% 2%
(1562, 450) (1571, 429) 1% 5%
(1875, 450) (1861, 437) 1% 3%
(2175, 463) (2190, 483) 1% 4%
(805, 722) (805, 722) 0% 0%
(1265, 722) (1261, 769) 0% 7%
(2175, 722) (2168, 699) 0% 3%
(2630, 722) (2601, 703) 1% 3%
(1265, 985) (1275, 974) 1% 1%
(1562, 998) (1546, 984) 1% 1%
(1876, 998) (1876, 998) 0% 0%
(2177, 985) (2162, 980) 1% 1%
(805, 1249) (819, 1230) 2% 2%
(1400, 1268) | (1420, 1250) 1% 1%
(2035, 1268) | (2015, 1272) 1% 0%
(2630, 1249) | (2602, 1199) 1% 1%

Average Error rate 1% 6%

V. Conclusion
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