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Self-supervised gaze estimation method based on feature disentanglement

QIN Shanbin,CHEN Jing®,ZHANG Tiangqi, FU Shanfeng
(School of Optics and Photonics, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Gaze estimation, as a key technology in eye movement tracking, is widely applied in human—computer interaction.
Existing methods generally rely on a large number of facial images annotated with high-precision gaze directions, yet annotating
such data incurs substantial human and material costs. This work proposes a self-supervised gaze estimation method based on fea-
ture disentanglement, which constructs gaze direction similar image pairs and identity &. head pose similar image pairs using
pseudo-labels generated by a pre-trained gaze estimation model, and computes their gaze similarity. A gaze disentanglement dual
encoder is employed to extract gaze direction-related features and gaze-irrelevant features (such as head pose and identity informa-
tion) from similar image pairs, respectively. A semantic disentanglement discriminative module then predicts the semantic similar-
ity between different types of features. Meanwhile, cross-entropy reconstruction is used to iteratively update the gaze similarity of
these image pairs, thereby achieving the disentanglement of gaze direction-related and gaze-irrelevant features. Experiments demon-
strate that the proposed method can effectively disentangle gaze-related features from irrelevant features and achieves superior per-
formance compared to state-of-the-art methods, with a gaze estimation angular error as low as 4.06° on the MPIIFaceGaze dataset.

Keywords: gaze estimation; self-supervised learning; feature disentanglement; human-computer interaction; repre-

sentation learning
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Pl RO AR A R 22 S X LU A R (R )

W R WIR7S MPII EyeDiap

SimCLR"" 9.64 10.23

BYOL! 9.41 10.58

BN Cross— Encoder” 7.3 N/A
Bayesian'*’! 5.9 9.9

Ours 5.15 8.29

GazeNet™ 5.76 6.79

FullFace!™ 4.93 6.53

Pictorial ! 4.5 10.3

AR—Net®! 5.65 6.35

Dilated — Net!"” 4.42 6.19

peplgS CA—Net! 4.27 5.27
GazeTR—Pure!®”! 4.74 5.72
FARE—Net™ 4.4 5.9
ETH— XGaze!?" 4.8 6.5
LRSNet™ 4.5 6.6

Ours 4.06 5.80

3.2.2  BSRUEAEIEAL

R R AR SCRE A B3z Ak fig g, AR S R
B AR BE BEATPERE VAL . BRI S, AU H
i B £ 17 100 A A% 5% i I 2 A AL 00 A7 30, A
DR AR EH 3 A AR 3G R RE T . 3R 2R T 15
BHEHEIEAG LR . AR, ETH XGaze (X)),
MPIIFaceGaze (M) £l EyeDiap (E) #fH F = Ff
A UHAEBE o A8 B B VA R, AR SO T
E-M 5 X-M & EHRA R R, EM-Ei
BN IR 20 5 T Cross-Encoder, X —# % H T H
il D5 ¥ 0 fif FE 6 G 5 N A T AE AR R T 25
Cross-Encoder {X VAR A G i A L AUEARIE LS
AR AU SRR AR, S A X/ . TR, H
1E EyeDiap iX R HIR 70 R B BlE % 1, Jm
AR 5B 4 A B (B AE — B0k, 1 O g R R
P A SO LA T R R A, ) B i R
M By, SR = IR G REAE, fR AR
. AR, 7E M-EX AR ES RIZL . bR EEAEAR
WD 5 B 50T, A 40 A 22 S 3 R A Ah 3 T
FA, H7E E-M S5 500 £ SRR . BCHE BERLYE 1) 3
sorf, RAEANRE SRR T, PEReLE .
F2 BRI A R R 22 ST LSS A (P i)

WIR7A M-E E-M X-M
SimCLR"™ 10.76 7.67 11.07
BYOL! 10.24 7.26 11.34
Cross— Encoder™”! 8.32 6.42 9.04
Ours 8.46 6.34 8.07

Hd M. E. X 2 5 f8 3 MPII, EyeDiap . ETH— XGaze
Bz . M—E 2876 MPILBEAT B 25 , 78 EyeDiap %4 4
HEAT 0

3.3 HEX®
3.3.1  VEALAERLEE 2% 4 5K W& 3 ml
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ARG, DAAEI AR 2 e S AR S B S
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A B MPII EyeDiap
X 5.30 8.54
N, 5.15 8.29

3.3.2 A Fil

% SCATE A A AH AL T AR R R0 By 5 Sk 2 A AR
P 1% % T U1 25 90 590 i A S B0 3 A0 A S R AE 5 8
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GS, A F Sk 748 22 25 A AU g A9 TBC B 9C PSS
TH RSB 45 R R A PR .
Fd A PRGOS 1S 0 0 R AR A 2 X L (R - )

GS Xt HS % MPII EyeDiap
X N 9.78 12.01
N/ X 7.68 10.52
NG NG 5.15 8.29

LU, RS R E LA IR S, B R g
BE TR, X EZRM TSR b st = X
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FR G RETRMEES S HELE . LR
T3k 2 25 AR R uF A R RV RE LA B R B, I
DRy ASAR B AR A 2 A B9 2 >0 X DR T OC R AR

i f Ok o
3.3.3 P pRECRCER A B0 Al
W= (20) Fron, 5% R B BB R Lo

SR Ly PR HE A, I ol ACEE R RO Y .
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IN MPII EyeDiap
0 12.36 14.51
0.1 5.15 8.29
1 7.23 9.68
10 7.92 9.87
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