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[Abstract]

As artificial intelligence technology that tracks human gaze is applied to increasingly more fields, the scope of use of datasets
related to gaze tracking is gradually expanding. Artificial intelligence eye tracking technology is expanding beyond simply tracking
the gaze of a single person to tracking the gazes of multiple people active in a specific space using multiple cameras. However,
most publicly available eye-tracking datasets provide only information focused on specific purposes, limiting the possibility of
eye-tracking technology being applied to various fields. This paper discusses a method to extract 3D geometric information for
applications from a representative eye tracking dataset using multiple cameras. Through the presented method, detailed geometric
information of the site where eye tracking data was measured is derived. Additionally, problems in reconstructing 3D spatial

information when using multiple cameras are discussed and solutions are proposed.
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Fig. 1. ETH-XGaze dataset measurement environment

E 1. 7|F 7iH2Cam00) HE
Table 1. Base camera (Cam00) information
CamO00

camera matrix L:
intrinsics.resolution width :6000
intrinsics.resolution height :4000
intrinsics.parameters.param.fx :13200.7
intrinsics.parameters.param.fy :13192.5
intrinsics.parameters.param.cx :2999.5
intrinsics.parameters.param.cy :1999.5

intrinsics.parameters.param.kl :0.264206
intrinsics.parameters.param.k2 :1.48319
intrinsics.parameters.param.k3 :-14.8905

intrinsics.parameters.param.k4 :0
intrinsics.parameters.param.k5 :0
intrinsics.parameters.param.pl :-0.00105576
intrinsics.parameters.param.p2 :0.00114812
extrinsic Rot :

100

010

001

extrinsic Trans : 0 0 0O
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Table 2. Calculated 3D geometry results

Meaning Value Coordi.
5 Dlistance bletween 0.9149
z pixels (horizontal)
s Distance betlween 0.8170
v pixels (vertical)
; Plane normal [0.15,0.12, 0.98] cam000
[ 415.95, -211.04,
UL Screen upper left 165.09] cam000
' [-508.92, -193.07,
UR Screen upper right 307.74] cam000
[416.46, 41111,
LL Screen lower left 89.90] cam000
' [-508.42, 429.08,
LR Screen lower right 232.54 ] cam000
; Horizontal unit vector [-0.99, 0.02, 0.15] cam000
; Vertical unit vector [ 0.0, 0.99, -0.12] cam000
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Fig. 3. Projector screen (yellow), cameras (red circles)
and camera coordinate systems reconstructed
with 3D information calculated
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ETH-XGaze HIoJEHAE el #3kel AN=rfg HrEo|t),
v 25 7oA B g o] = e dentase] A%t
3 AR E AAEA] e FAE & 5 3tk o] EAIE dlEs)
7] QA B =Fo|A Atk Aol += MediaPipe[17]
& ol&3sh By} At PunlaE ety 79 o2
% 4 olu)x)).

ETH-XGaze HIoJHAEAA Algss vl HE
A 9 79 A% delA B 5 = M = FHAA
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7] o, B =RolA] Algkals WAl oleld FAIS
=857 $1814 MediaPipedl Agake F(ris) 4
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b

O8 7. 2% ETH-XGazedlA XSk ME0I3 fx, 22%:
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Fig. 7. Left: Landmark positions provided by ETH-XGaze,
Right: Landmark positions improved by MediaPipe.

3) AR A HE 321 AR AT
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#4gk oln] Aol MediaPipes o834 #=ntaE F53
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Ble] A=rvhel] ek 3314 YIXE ALkt

Epipolar geometry 7|%F 32Hd 91X Ak [5]0014] A
Al S ggsi ey [5ldA gEE EAleh 2 =
oA gF= ZAVE e Je [5]olAe] TAl= FhEk
wjrpE st 2 2kl Q= RGB ZhelEt 19} IR 7hd|Et 1
& o]&sle] e oWAE T8t PR B
w35 ZAgslal Qe ARE 2, 2 =EoAe 9
A7} mf=aE Zgakal A AL Fhdlel wiAASETE FAE
gt T3 49| SLR 7h|Et 18Y) T L<je] 2ujelA] #9
gk oA & o] &3l Holrk Hdt [S]oA= = FHO
A=vtaEe] Ht $AE w9 F4H AX=ZRE geks
o} & ol A AAIBRE o= FUH= 19 7o) &
£ ofmAel| A A AA T FAe AAE AFsHAl 1}
ofgto A 3k F bl Al e HElE B Jds)
7l setapaict

% 39)4E ETH-XGazeold I QA5 2 9] 3
2+ HEE AL 918 A ZEE A G

- =

OIS FH2l 718k Al & Ho|EMES| 7|5t HE FH 7|Y

o

X 3. RGB 0[0|x] #o|AM z=2 Fo| 3XHY ZE AHtks <
HEHRZ| oAl ZE
Table 3. Pseudo code for parallel processing to compute
the 3D positions of the left and right eyes in a
RGB image pairs

Algorithm 1: Parallel 3D Eye Position Extractor rbg_eye_pos(A, B)

Input:

2D RGB Image Set A = {a,, ...a,} and B= {b, ...b,} with resolution
6000x4000 for m subjects and p sequences/subject (n =mp)

An image pair (ax, by) has been taken simultaneously from two of 18 SLR
cameras

Output:

® 3D Eye Positions (Left & Right) reconstructed for each image pair (ay, bx)

process find_3d_position(A_point2d, B_point2d):
/I --- undistort 2d points ---- (A)
undist_A_2d = undistort(A_point2d)
undist B 2d = undistort(B_point2d)

/I --- find the closest and the farest 3d points ---- (B)
min_A_3d=(50*undist_ A 2d.x, 50*undist_A_2d.y, 50)
max_A_3d=(14000*undist_A_2d.x, 14000*undist_A_2d.y, 30000)
min_B_3d = (50*undist_B_2d.x, 50*undist B_2d.y, 50)
max_B_3d = (14000*undist_ B_2d.x, 14000*undist_B_2d.y, 30000)

/[ --- calculate 2 rays ---- (C)
rayl = create_ray(min_A_3d, max_A_3d)
ray2 = create_ray(min B 3d, max B 3d)

// find the closest point ---- (D)
Q=find_closest(rayl, ray2)
return Q

end

process find_closest(rayl, ray2):
ty, Sx = solve Equation (7) _
closest = (P, + ayt,+ Py + ays,)/2 or P, +at,
return closest

main process eye_pos(A, B):
foreach_parallel(A, By):

// get 2d eye landmarks on each image using MediaPipe---- (E)
A_right eye_landmarks, A_left_eye landmarks = MediaPipe(Ay)
B right eye landmarks, B_left eye landmarks = MediaPipe(By)

// get 3d eye landmark positions
// using landmark pairs on A and B images---- (F)
foreach({left|right}_iris_2d_landmarks):
3d_iris_landmark_{leftright} positions
= find_3d_position({leftjright} A _point2d, {left|right} B _point2d)
3d_left eye position = average(3d_iris_landmark left positions)
3d_right_eye_position = average(3d_iris_landmark_right_positions)

return 3d_left eye position, 3d right eye position

WA epipolar geometry 7|5k ~H# Q. o]m]| =] %3S -
Adst7] flEiA 1870 FHHletE 5 7 71 Tl A Zede
oju|A| A|A~ES AEsiA Z12F A, BE Aostar o] F
w]#] {3 rbg_eye_pos §o] iEgto R o]&gith
o] olu|A|olA FF 22 W=wlAE ZH7E A point2d,
B_point2dz}ar & wj find_3d_position(A_point2d, B point2d)
Shre O ZRA|ARA o] T 23 dzntr) 33
FiklA YAEE 3AY HRE wksksil WA des =

LT
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FhaEke] W& ZHHe} v ¥ <S=(intrinsic camera parameter)
& o] g3l ool A FhulEle] ¢f=S R A (undistort)$F
THE 39014 (A)). o]ZA B4R ou|X|olA s 7hd|ete}
ojm|A] ol &gyl g5 dH=whel il 3k 231l 944
g A o]EHo=E T Ha AGOmm)et FHdl A
(30,000mm)ell $1A8 = gl= 3AH A4S Z42F APkeie)
(3£ 39] (B). L 5 T ou|x|d]] tjz] o]&H o2 75s &
2 A9 3akd A -l A EdaiA A Aol $1x]gk 3%}
A A o= Fsh= Fd rayld ray2E 247+9] Fhee} o7y
HEE o] &3M AR 3 (0). 32k &7t rayl
¥} ray27h wakshs Aol AAR s d=rkart 3xk4
F7AA X3 A H ol T FAo] dx|eh= 3akd A
QE Alxkste] wEgeK3E 3 (D).

el Z2AH 2 eye_pos(AB)&E =23 8-S HE=Z A
oA Ay S5 FPAIIT WA MediaPipes ©
LA 2 o|mA] Bol A w3 AHE derfaES A2 &
(3 3 (B)) 24 293t find_3d_position(A_point2d, B point2d)
g Sall FA TR dmvlae djdEle 3k ARHE
< 23 Ji-& ALEIA 539 AXE AL o Al 9
S ARHGEE 3 (F).
713t R A& g 720 = I3 & 390 A Ak
FEof gigh 1o} ZAg =)= 71E AT[5]E

2

2-3 Al O O 42| FHH|2HE Ol 8 A+ 7I6t HH &

71 AT 51004 =2k =2 Fhelet 7 o E o]-8ElA
epipolar geometrys 7|Z2=Z 32 7|8} AHE FEII=
789, 32 F7re] 7 Ao wHs AlkskE #Ao] B
sttt Al o) o]de] FhHletE o8 A5, Zhlet &t
gallof af= Zdo] sl A F7hEH o] AHEe] o]
Fhdet 2 Z4ggt ojn|X|eA FFEE 22k A e digh
2k X7 "ok v dRiF o2 A= w e
eaf T F QIBA o]t A MEo] 3 HellA Thie
= A9 §l7] Wi A-g FAKE AEsljok gt £ =i
o A= olelgk ZAME el H Al H(least squares)©] 3]
£ 9= normal equation[18]L %83t}

=

)

N

o o 4

s

ol N
40 o

D3N =

39l B0 A4e) WAL T Aol o] vkl
A5 Ao AZew PdUsow golal BAT 4
). el 5ol 349l TN F A (an.a,a,), (b,.b,,b.)
2 AUk A49) YA E ke T Bule] vk 45 4
Fow Azke 4 ol
x % Ay ay,
— = - 14
b,~a, b,~a, b,—a, b,—a, (14)
http://dx.doi.org/10.9728/dcs.2023.24.12.3071

- = — (15)

, (16)

Z: x x ¥ v ( 1 7)

9 2o BAALS mAF x, v, 29 JIFEDE 419
A(row A=, 271)7F B 22 H3# <) underdetermined
systemo|th. thA] Zal] A 919] oy HEo] 9 WS
wkEA 7] @) "o UWbA 0 & epipolar geometry ol A
= ZF 7hlel 1AM EE HA AR ek ray(RHAA)
st & 19k 2ol A 2707 T i) webA gl 57
2 wjujch M3} Z& “tall matrix”, “tall vector” 2 3Jo] 27}
A F7VeA k. o]FA F4E Y WA Mz = Z+= I
HZ 7t Al ol o]’ w overdetermined equation®] =™
FH A3 H(least squares)?] S 9+ o3 22 normal
equation[18]& ©]-&3l4 32k 37t H » & AN

Atk
z=(MTM)*MTZ (18)

2) 2% A%

40 wolg WS e A Fheke] 913 %
s} 4w Aug gelgk Fhie A g A8 3349
ARE ATAE olulA) v FE Al oja] dlolEI A=
A AFEE 229 Aus g 2,

Cam A: [153.0, 204.0]
Cam B: [349.0, 180.0]
Cam C: [0.53, 169.99]

o] W} Cam CollA¢] olu]A] e 274 ola} gho] 09]
ohd AR FAEE 234 ou|X] Y] U] A HS AL
wf A B3 A(subpixel) T #to 2 ARtEE AE & 5 3
t}. o]FA ou|A| & Alele] FF A HS Altehes duEE
< B3l 2 oA FHxTF A o]8) gho] 0o] ol sxb
2 AxtEE A= slE olvH e sl ET) TR 2
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¥ 4. HAE 72l &
Table 4. Information for test cameras

Camera position Camera rotation
(Euler Angles)
C""Am [177.49, 50517, 192.34] [-96.55, —3.05, 3.84]
Cam
. [-624.06, 524.73, 194.74] [2.75, 97.48, -90.50]
C%m [1194.36, —180.30,197.34] | [-32.23,-98.99, 95.20]

T8 8. Unity3DE AREsSlod FHmEL Al tHE 3kt 32t 2EES
Hrae 25

Fig. 8. 3D spatial position reconstructed from three
cameras using Unity3D
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