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Abstract: To address accuracy degradation caused by imaging scale decay and large-angle self-occlusion in mid-to-long-range (1.0~
3.0 m) gaze measurement, a dual-view method integrating pose guidance and frequency-domain compensation is proposed. First, to
overcome the limitations of near-field datasets, a mid-to-long-range dual-view spatiotemporally aligned dataset that preserves natural eye-
head dynamic coupling mechanisms is constructed to provide a reliable benchmark. Second, a head pose-guided feature selection module
is designed. By leveraging continuous 6D pose representations to generate spatial attention masks, it uses top-down prior constraints to
isolate and suppress spatial noise from perspective distortion and occlusion. Subsequently, to tackle severe scale degradation and
topological detail loss, a scale-adaptive high-frequency reconstruction compensation module is proposed. It dynamically infers the
physical observation distance via inter-ocular pixel spacing to drive scale embeddings, and employs the 2D discrete cosine transform to
bottom-up reconstruct attenuated high-frequency ocular boundary features in a bottom-up manner. Finally, an uncertainty-aware weight
learning fusion strategy is introduced. While ensuring spatial geometric consistency, it dynamically penalizes unilaterally degraded views
to achieve deep cross-view feature complementation. Experimental results demonstrate that the method reduces the mean angular error to
3.52° and 2. 75° on the custom and ETH-XGaze datasets, respectively, exhibiting superior measurement accuracy and robustness.
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Fig. 1 Spatial geometric model of mid-to-long-distance

dual-view gaze measurement system
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Fig.2 Multimodal adaptive fusion model for mid-to-long-range gaze measurement
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weight learning model
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FEAS, AR A AL B bre SR

Lo

L. = W; (Lang + Lgen)
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RE o, FH MV-UWL #2550 ) 5 ) & 15 B s it
U SRR F S A 30 4 s TR0 2% {15 i) T 99000 48 R PR ST o E
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3 AR KA TS AR BRI T

L.=nl(g xg) gl (16)

Hor ) RIUESI 4 28, B e R a5
B Az PR Fh o 2 0R A e Rt B Y =
Y5t 52 LR A Y SR ) o W R PR R R AR E AR
HhzE IR B s T RS R S AT R

3 XBTFESHESELE
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Bl R AR F f VICON Je2:iz shfli e R4 5 W
A LE N R GE AL Fevb, Sl il 2 e a o 52 I B2
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Fig. 6 Dataset acquisition scenario
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P R A AR Y B OR B 4 — WS 2 A LU —fb A bR
AV iVl
3.2 KHIEERSMEIE

VT BT AR AR (14 0 i i A5 LS ARk g, AR S
K Z P YR U A e 5 38 F PR 8582 A HE v AR 45
B BB AR B A SRS

1) H A B B OO £ A2 45 ) BRI 4 - e = 2L
g B AR 5] & 0 25 (R L] T 22 6 RGNS FE Y
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Fig.7 Sample images from the self-built dataset

1.0m<d<15m
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2) ETH-XGaze 8 JHIZ (L VA £ H6 48 . Mok 249
PREIFEETEZ R AR 5 st 2 e Ly s R, A ST
AKHUEL ETH-XGaze B0 5 FF J 5 R K A& 5000E . SE 56
T Hp 10 B EESZIAE (BIRE SVIZGELEY
FREROy |2 IESS R RS ) 8924 30 000 5KIMK IS, ik
a7 2R 0 5238 8 1w AR B 4D R R
DL - B 9o A . RFE I EE 2, T H T As
AR SO AERFAE T B 75 4 24 T A B R I i ] Sk
SHELERNAETT

3) B A =B JE X b 3 1 B2
TABIRE S YT E R M AA/3D ML EIGEAE L4
Mg L ES,

®1 SUBRBIREENLE

Table 1 Comparison of multi-perspective datasets

(It fwfi) k¥ B/m

ColumbiaGaze' '’ 5 880 £15°/10° % ~2
UT-multiview! >’ 64 000 £50°/£36° w ~0.6
ETH-XGaze!?') 1083492  +120°/:70° % ~0.6
ALHRE 25000  +120°/+80° = 1~3

YA AT T 4 A v B SE AR E PR R R
(1) M FE 43 A7 2 47 . L UT-multiview 5 ETH-XGaze MY
FI R AR Y S EET T 0.5~1.0m
HIE G B2 2.0 m DL b o R g ROBE IR AR RE AR
& ColumbiaGaze ¥ J T 2.0 m {5 | {8 FLAE A BAE /)N
HALE 5 A Bk A, (2) MR =Sk AG5 HLBE A Bk
&K EM B2 R E 2R LA AR ERE
FAPLRES B Bl R B A TR . X P A8 24 o 91 2 TG ok o
H RS FIRAS T IR BR 30 5 k38 Atz 8 Z 6] 52 24 /9 JL
(EE e

ESEEREETE A RS (S A e DI
IR AR S PEAL B 0 (I AR A I A AR v L I
PRARSCHRADL 5K B ) W 25 30 BT WU Bt RE ) 7§
¥, [AII HFE Tk 9% VICON R G 4R BB, Kl 450
T APPSR 5 = A B2 (B A 1 7 A %
F o XIS X5 M, S E ST R g B A AR L AeT AT
P BREEERE BRI A Rt T E ]
SERY PR E L

4 MERBITAL 53T L KL 547
4.1 WEERSRRSHIRE

TE = HE AR DN AT 55 b, DAL it SR ONS J3E )
U bR R g8k A PN O 1 5 B S AL Ok

S AR O 25, R B DR S 36 A 1 5 WL A 5 T
B[] 28 A 53 00 A 1) AT BE 1 , AS 3R B0 ok T34 o B R 22
(mean angular error, MAF) /f Ay i £k I & 14 BE B BEA +5
bro ZE MR th AR ZR 5] i A Bl R Gibr e
=L LA g, I 28 A5 AL At Y = R A 2
M g, X T B2 R n MHRFEASE , MAE &
R

8 8 ) (17)
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n s gl llg:

A |-, FRRER L, Lk, MAE B, 2 W]
T2 2R 8 1) [ 0K 32 B e R RS B 7 i

JSAE YT AT B A [ TP A IR ] MAE, {H HAY
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[T, 2 WA 7R Tl B R GETE 2 RO W3R AL T B S 41

AR EE T PyTorch HEAR K £ IR 25 S 4K
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RTX 4070 GPU WJiH5-F- & B, 7Ell i RGN SH
B SHRFES LB B, 5256 5% ] H 38 10 46 Al 31 (adaptive
moment estimation, Adam) PLAL#s3KN ML IEEEE T &5
FCETH, WA R ) R R 1x107, JF 5] AR
IR KRR A S 258 5 2 ) DK R S0 S
WIS, MU ZRIHE IR K/ 64, & Epochs %
FEN 60 48, TEE X Z HERRGHIR R ECh, M mlA
PARACHE A, A, S5V TR SIAGE o K2R AR R
RIEHAAE . WA, T AT P oE A% SRS 1 JL 4 i A\ PR A
A FE TR, B 20k A% 1 23 W] 43 BEE X SR 5B R
FAREI — AR Ab B | LAV B S 1 14 S5 IS J2 ) 3L 7 )
HWESR
4.2 NMERFGMEREIESEHEEST

FRAA A PG AT 5508 Lk 5 S ]
SR RO, RV T AR R B T 1% A GMGaze ,GA3CE
SETAE HME TR 2 R T il A A+ s 0 H bR il
WA, B B R T R . T AR 2
T DM S 3AL b 225 1] 1Y S A e | 422 A T b A 1)
XA IR G R 22 BT LD, A SCNZ IR 12
e 1 B IR AR DA Bt i B8 AR A At % 3 Y FE e
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BHIE (leave-one-person-out, LOPO) WM LIS & R 5
XEARFNARA PREFAE Nz AR RE TT o 3R 2 X L T 45 BERIAE
LOPO el Je 3 THEUE4E B MAE,

%2 H#ERAE LOPO WiF % TH MAE
Table 2 Results for the MAE of each model under LOPO

x4 BEBEFRELIMLEESTH MAE itk
Table 4 Results for the MAE of each model under

different head poses

FHMAETR2E/(°)

PR
- FHMAERE/ () [y, [<300  30°<|y,, |<60° | v, [>60°
A KRR ETH-XGaze UVAGaze 4.28 5.05 5.86
UVAGaze 4.96 3.32 DVGaze 4.52 5.48 6.45
DVGaze 5.32 3.65 AT % 2.98 3.55 4.62
KX FiE 3.5 2.75

MRS R 2, AR SOy e A 3 4E LY MAE K&
3.52° AT A @ AU Af S8 44 1) UVAGaze (4.96°) 5
DVGaze ( 5.32°), ol £ 3% 22 2 9 FE K T 29. 0% 5
33.8% , MAb, fE ETH-XGaze MIRAE [, A< )7 ik [l R 2 2H
W2, 75 MRS EE . Z A RN R G R ENIE T 282 IR
TR A A A R 25 5 B T 58 R M D T A
e,

2) Wy B B G R A ROEE IR AR BT PE ST

SR B IE R 1A 38 0 R A0 o MRS R AR S &
KB RETT, LRI 52 183 5 B 51 B 4 x4 21
FEES d KRR 2N 1.0~1.5m 1.5~2.2 m 2. 2~
3.0m 3 XA, SEEREERIE 3 i,

3 ZHEBERRFREEETH MAE
Table 3 Results for the MAE of each model under

different acquisition distances

S REIRTE/ (°)
R 1.0 m<d< 1.5 m<d< 2.2 m<d<
1.5m 2.2m 3.0m
UVAGaze 4.35 5.02 5.82
DVGaze 4.58 5.45 6.35
AL FE 3.35 3.56 3.75

BEA ML 3.0 m SE A, 14 58 SE A6 0 IR % )= 45 AR
S M B RO AR A, H R R 25 3 R L (UVAGaze
IBAEE 5.82°) s MLLZ T, AR SOOI AR FE SN 1Y v 53
A0 BRI PG, 75 2. 2 m LASMRO IR R X 44 1 3. 75°
K Bk T R SR —E R IR bidE

3) e AT 12 (LA & R A AT

BRI Sk T O 7 | R A B Y 5 A e AR
XFPRAG S DXL, S 12 IR 521X 19 FL S AT A ()
TWRIHEAT TS TG . Wk 4 PR 75 |y, [>60°1)
MR DL, B MUAR BIL 43 25 0 HIR 358 1 5% A A ™ T b

ARSI E R TAERTm S LA T RG2S s A T 9L
] LAy B B 5 R A A A, A I S I T AN E R U
RIS P DA BAL S R R A T A B LA B M T Bh e AR, e X
AR S TR A A s 28 28 DX ] Y 00 3R 22 W 24 TR 4. 62°,
FHACT R SRR AL PR 19 AL Ul SRS, AR SCHY 2R
A THT I I X0 PRy SO Y I P B 1 — S A 24 B
4.3 BobRRIERESIE SRS

AR T 3 FCALS R I AE U A Rt A
Y5 ETH-XGaze AT BUE 5 L AAAT TIHRBLPRAL . 2522 1K
PR i S AR 22 AN 3R 5 T

RS OIHAEERIE BRI 4 R
Table 5 Results of the ablation experiments for core modules

BLRIAR (R ARICHHEEHEE/ (°)  ETH-XGaze/(°)
Model w/o0 HPFS 4.02 3.08
Model w/0 SASR 4.75 2.86

Model w/0 MV-UWL 3.95 2.92

AXTiE 3.52 2.75

1) AT TE ML A e 75 LTV FH . RS BR il A 8 8
BT 1L (w/o HPFS) J& , A SOG4 F (iR 22 58 i
T0.50°, X FRWALE IR B AR 2 BRAS A, Sk AR i i
ol RS AR 8, HPFS M F R Gk
IR T AT i Py B S W A REAE L A RE T, B 5 R
FRIE B T I s e 25 (8],

2) FUBE ML 16 328 15 T A A . S B R [ 3
I A AMEAR R (w/0 SASR) i, B 750 1 74 S v s B B 4k
A T IS P e 2 T 1. 230 (HZ AR PR AE e i B
#) ETH-XGaze (885 iR2E LT T 0. 11°, X —@ik sk
B2 S AU ) ERIE T 3C H A Eos S 7 bz B R
B AL b S B MHLEE EJESE T SASR AR B AE ) 4%
HRAMEE B AR SE (S 5 HRPUE I A R AL VR

3) ShA I AL % 22 FE VE FH - 25 R AN s M J i
FAEER (w/0 MV-UWL) , B iR 16 R 15 G5 00 1 10 7 24 0 25
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A S BRGAGRE L T 0. 43° M TR, X WY b (%
JRRAS 0 45 THI I A X FRGEE 4 5 B 5 F X BT, MV-UWL
RE SR AN B 0 1 S0 B AR I B S G 78 R (R
AL AR VR RII i AR R HLAS— o A R

AR X T 3K Bl ) 2% JLAn] — S0rE i i A ik S
B, EI A IH 7R 00 H EL A IR AN H AT i 55 1Y) sk
P, FEMESE I B, M ne [0.1,0.3]0, RS
FEAS VAL i fh iR 22 i sh /N, R 9812 1 F A
ARLX AL, ALY 9 AR R, A2 PR3 M 24 5
T 1 559 % g A0 A0 00 22 1) 24 2] . R R G e X LA
n=0. 2 LA LA 29 31 55 R AE 4 2T, B O v o 5 ) o
MR
4.4 EBEXHBHEHELEINS EEITEME

Syt BIE AR B S IR EE R A TR S AL AE
AR T AER S = 4RI B R A R 5, LR Z
RE A A E SR T 50 T E P PEAY 56 E , H
MK 8 FiiR

:'E‘- VlcgNiMF P

B8 HEITGET XA I RGeS A
Fig. 8 Configuration diagram of the dual-view measurement

system in real dynamic scenarios
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22m<<d<3.0m
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Fig.9 Results of 3D gaze measurement under different

spatial scales and head poses
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