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Pilot’s Gaze Zone Classification Based on Multi-modal Data Fusion
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'(School of Computer Science and Engineering, Xi’an Technology University, Xi’an 710021, China)
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Abstract: To avoid eye image disappearance and inaccurate head pose estimation during image capture, a non-contact
method for acquiring eye information is employed to collect facial images, determining the pilot’s current gaze direction
from a single image frame. Concurrently, considering the poor classification of current networks due to the neglect of
visual obstruction caused by head movements, with a combination of facial images and head poses, a multimodal data
fusion network for the pilot’s gaze region classification is proposed using an improved MobileVit model. Firstly, a multi-
modal data fusion module is introduced to address the problem of overfitting resulting from size imbalances during
feature concatenation. Additionally, an inverse residual block based on a parallel branch SE mechanism is proposed to
fully leverage spatial and channel feature information in the shallow layers of the network. Moreover, multi-scale features
are captured by integrating the global attention mechanism from the Transformer. Finally, the Mobile block structure is
redesigned and the depthwise separable convolution is utilized to reduce model complexity. Experimental comparisons
with mainstream baseline models are conducted using a self-made dataset FlyGaze. The results demonstrate that the
PilotT model achieves classification accuracies exceeding 92% for gaze regions 0, 3, 4, and 5, with robust adaptability to

facial deflection. These findings hold practical significance for enhancing flight training quality and facilitating pilot
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intention recognition and fatigue assessment.

Key words: gaze region classification; parallel branch SE mechanism; MobileViT; multi-modal data fusion
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(RIRRLR 7 ) X6 3 R0 DX 333k A7 HE R 3 2. Bl 6 TR,
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1%, iVEAL Ar. ZHU(p,y,r) 7 AR KL 3 A T51),
X AR A (pitch) (AT (yaw) ARSI (roll). It
b, (x,y,2) T B H AR T AIFLA O AL, (x,y)
TEAN LR 5 B REAR A HIE AL A

Ko LIRS

3.1 LWHE

KA S AL AT T S E N AT, P S
B = PR R 48 . AT EERT . HOTAS FEATFA
fiE, il 7 Bios. BN G 2 g T — A KCE
JHCE 1 2K P ARALZEL B 3 H AR AL, FH SRR B i 7E
AT RATAT 55 IR B N U, (RIS 22 2 — AN I 40 Ak b
JEAT, W ERAHNLRRAZ i =

5 H DCS World AU, AT 8 A, BAUNLALA Su-25T
mi AL AR AT I AR R, AR K A VR X 38 A
B, B AL P B A 0 E R W82
HIMARIL B 3 AN XS, A 22 L M ) RS v e
VER N BRI 3 AN EM X 3k, & 8 frR. iX
6 AN AV ERL X AR T 0] LAOR KR 22 4 RAT IR DG

DX, AT A 1 AR AT AR P LR A 1 L.

B8 TRAT EEARYE AL X K A
e X IEAR N 1. 2. 35, SN ERESR. 2
RAWLAR. SN N 0. 4. 55, XFRCFE R
W AMEMANE. B KIRE LR ERER BAA
[F ) ThRe, Wk 2 fis.

®2 XA

e o T
e bR O R CHOREHLE R
—
BRI A T2 7 A S BLTE R AT 2 i
s B (22
o R CMWPERE
s g R bor, s B
T R RS TR R R B
WM, IHE BIBUE A
ST S B AT
]
W T 5L B A
]

HEHE

4 ERLE SRAE ML
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INE RIS, B8 T K2 HA S CHE AT =
gk h =4 D& B, WKl 9 BroR. ZERpEATE 2
K AR I A AR L 110 e AR ) AR AE IE
BT ALAT T Bl <p . OB ¥ 22 55 RURAE 55, AR 55 22
Rk 3 fros.

[pEkY) E

XL

pEi2773u]

Bl

Ko Tl kAT MLk

*3ARFEK
Pree figk fE55B5R
A AL95°, BRI ElE AL, TETT 2800 mi ¥

MR PRIF00 me A BE 1K, MRS PN 55 /2 e 22 50 R 1)
ML T L PR EFS00 m7e A5 v ST, MU B 22 e i 2227 50 )
JEI PREFBO0 mZe A7 i X, AR P A %5 e e A5 1850 A 1)

T 1950 e
%ﬁﬁ%w%mﬁkﬁms , %i@zoofTﬂ%ﬁ+, B 50 mi
HTVE S

3.2 BBRERAE
3.2.1 FlyGaze ¥¥i4E

RS 12 44 (2 &4k, 10 &4 51k, 22-28 %) WL /)
IEH A A EN RS S 5905, Pkt
SIHER CAT UR AR, 1E S50 T 46 A 35 P 2L AE F /N
B, AT P B AT 52 B Fl RATAE S5 STk,
FERERS TP SRR 5, AN BE — 44 w1k B 58 Bl S 60

IR SERE ) T AT S AR AR AN R K 11 25 35 >
TR ZIHFEE 23-40 min, SRR F R RER ATIE
e A 0 E A B AT B8 D ORAIE I AR
&, RERT 2 HIk B 2 £ 5 RO U e A
R 6 Fih S AL AR X Hek ) A UG s R fn 22 4 B
7, BRI EGHA XT BI Sk2s AH0E, HLit 45668 Tk
BIG. Hf CR B i B AL, 8 P Bl LB 43 562 I 4 B
AR 80% 1 NIIZREE, H 36531 7K EIRZH Ak,
NI 20% 1EAMNAER, H 9137 TR EMR A k.
322 KEGAH

SN R R RE AL SR 4 PR A B 1 g 8 Il 8, SR P 9K OE K
P 52 VU W A PR HEAT W IE . A5 AT ED A B A AR 1

8

bR MR, AR 1A SR THEARPLI A Ah S 4
AN i B R E BRI 10 Frs.

x4 HUREMRK
JEfE H bR X 15, HEgE  IgGE KE

1-HC 74 28 7532 6025 1507

AP X 5k 2R 7471 5976 1495
3l & 7218 5774 1444

0-~F A 7~ T 7931 6344 1587

ARAMX I 4-FEE 7691 6152 1539
5S-G 7825 6260 1565

K10 AEAS bR E E

{ F Matlab '] Stereo Camera Calibrator f£)7 i3
1ThRE TAE. A N X E AHLIAEE R 20 465 A F
FERIR/NA 30 mm FIBLEAS BG. 7Eds e i fE v, A
HAR R AR bR g 45 R VPN bR e, B R ZE R
RS ER EE S RER R, i 11 R,
7 B E ARG R ZE K IAR FE A, SRR 25 0.14
MER, LI 26 KA IR E K. K 12 UL 3D Kl
FE 2 78 AN R LR -~ T 114 25 1) o &R

[ Camera 1 [[] Camera 2 — — Overall mean error: 0.14 pixels

Mean error in pixels

1 2 3 4 5 6 7 8 9 1011 12 13

Image pairs
11 ERERE

SE AR E S5, IRECEE AHNLI N SRR, AR
Z %4 (distortion coefficient, D), UL K AN FHHLAH X (1) i
A REACF R AR B, D& AR RIS 544 (radial distor-
tion, R) Y] v W 4% 2 %L (tangential distortion, T) ZH 1%,
R. TELE D 13K (12) o, BETT G #xf Lo R
13 fioR.
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Z=(z1,22,23) (12)
D = (r1,12,21,22,13)

{ R=(r1,r,13)

80 Y, 200

Y (mm)
s 4
Sod
PSR
o~

(=2

S

> 2
L=
@O

B 12 =#HFx4R

PG A 4K TR 35 I 8 300 LR AN AR P 9] 5 Sk i A 5] kS
PIAENLR L. =43 e ) — 4k BG4 e
o 1) RS AT R A Sk S A A T R v A A, A 2R
3.2.2 AR ISLIG S5, AL HERR AL S BB, 2
AN AT 5 AN I S = YT R A AT 4 A
SRR FASIN B DT, 5 2480 o e 2 B e B Sk R 4.

dlib-Python FEH it (1) A e U 2% 7] LA i€ %
N B B R AL B, T DB R 2% T ARSI K - )
R A WIAR AR L SR A SR A5 B R
BEAG o N7 RN I (1) B AR AIE o, N AR AIE AR
Wk R anpE 15 Fros.

K13 RIERT S ARG E

Bazarevsky 250 H —Fft i 25 4 B 0 A
HEZE BlazeFace, 1ZAEZL A F 243t Y MobileNet 1E A%E
TEPEHLER, 51 NREHE = 2R GPU (14 14 (anchor) HLA.
BlazeFace A 6 I 25 75 T B 25 1E KG 37 50 T RS
DT 55w e B e M AN PO B A A 35 S BlazeFace
NI Ay 0 2 5 8 3o A2 TF S5 1 2D TR UG AT 43 31 R
SR, g5 R 14 FroR.

K14 SRUR ARG

323 SKEBEAME

SR A TE R IR ST R B A DR R
DU 2 A B 1) Sk 3B e R i e o T ) ) I AR AR SR
3T B 0 Sk B 28 At D7 vED T, 5 HAth T 8 003
AR 55 AHTE], 5T PG Sk 38 28 25 Al T 0 Z0ULE THI 0T & Fof

15 TYERI = YERRE 5

I AHHLAR SE A dlib-Python J22 i GG 1 5 544
SUREIN, BT AT () O SR AR AIE 5P 7 R S (] O
R, HEWT S R T e AR A B, AT SRAS R B A A
(1) Sk B A AL T 45 IR, A RAMEAR LM A% 71 SR 1K A0
XA R 2. SIBEASA T R 16 Fiok.

16 kgL

4 SEESZER 550
4.1 EWREILL

ff 4 Ubuntu 20.04 #:/E &%, PyTorch 1.10.0 &
fE% 2JHEZL, Python 3.8 4f2iH 5. {fH] CUDA 11.3
F1 cuDNN v8.2.1 NI A 471 4.

CPU 4 Intel Xeon ES, 17 128 GB. GPU 4 NVIDIA
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9 VPAk AN [F] AR 28 X6 3 AL X 3k 73 8 S R ) 52 i, g
PilotT W45 1581 5 A 3= i W9 24 B 347 X0 L, Akt 1Y
AT INZE, T B AR R Zh 240 x) B d8dE &Lt
IR, IR E N 100, kg R/ E N 32, i
A AR R R, WA 5 2] R E N 0.001, AR5
IR KRR R ) 22 B O SR R DR A B PR I 2%
RO AR Y . 0 23 LAY 1) A HH 4B 5 5 S A kAT 0
Eb, 23 BT 24 B ASE B 5 1 DX e 75 A 31 SRR A — 5
VRV X 35 70 A B R VPl 8 b XS bE SR 285 3 dn
® 5 PR

RS AR )RG5 R HEL
NG ANREGLEHLS

P4t R H% Top-1 Acc (%) Top-1 Acc (%)
MobileNetV2 224x224 86.56 87.64
SwinT 224x224 88.17 89.04
ViT-B/16 224x224 79.34 82.35
MobileViT-XXS  224x224 89.46 90.58
ResNet50 224x224 88.25 90.03
EfficientNet 224x224 82.97 84.79
ConvNeXt 224x224 89.68 90.89
MobileNetV3 224x224 87.69 89.51
PilotT 224x224 90.63 92.79

% 5 A4, MobileNetV2/V3. ResNet50.

93
9t
890+ =
M 87 y
Bt ——————
o83t — =
2 P S
K 81 f
i3 S R SR e S
e 77t

75+

73

LY 2R SRR 0-FHL 4-EHLE SATHLE

— g
AN

(a) TERFBLRAHI > H AL

— PilotT — MobileNetV3 — MobileNetV2 — ConvNeXt — EfficientNet

EfficientNet UL & ConvNeXt iX /&4 CNN W 4% 1% 7l
PRI RS WAL X 387y 2R ROR . o ConvNeXt
1E 2 gt B I 2R AR J9 ONN RS R i e fle, 43 il
5% 89.68% Fl1 90.89%. EfficientNet (1] J5%5 SRSk
T HAB K CNN A, F1 ConvNeXt 2 6.71% Al
6.1%. MobileNetV3 #%% T MobileNetV2 7E 2 /N7 5
T HIHERR R 2 AR T 1.13% A1 1.87%, 1X & i T ai &
I8 1T NetAdapt 5% 3R B FUZ A8 E 1) i (R, IF
/N7 SE HLil.

SwinT. ViT-B/16. MobileViT-XXS 1N Trans-
former B AR, Z A B BOK M 22 5. VIT-B/16
18 2 M se PR RUE 23 ARG — 4, 5 Transfor-
mer HERFRHEZ S 1 ) MobileViT-XXS 43 A% 10.12%
A1 8.23%. SwinT 1 ResNet50 K I L, A 0.08%
F10.99% )22 5.

Rt — B IRAE PilotT BB A 8VE, F 9 N 2%
TEAR R ®ATAE S T4 6 MNEM X IR Top-1 732 HEH
AT . W 17 fos, Hoh iR oR R o 4
1) 6 MNMEMIX I, PFIFR R Top-1 73 KMEMHZE, K 17(a)
TR NI BUEAE o N G, B 17(b) Roxs
RIS S AR AR i N S L.

93
91 | T __

89 b —
71 ///</v
85 t e -
83 | -

81 e
79 +
77
75
73

Top-15r FUEHH R (%)
\
\
|

IR 2R AR 0-FHL AEE ST
SR
(b) KA KL
SwinT — ViT-B/16 — MobileVT-XXS — ResNet50

K17 ERLIX I R4

TERE S R A5, VIT-B/16 Fl EfficientNet [
Sy R 2 AR T HAR LAY, JEH X X3 1 (2 7E
oy, X 2 (AR FIXIE 3 (WLRR) 10 Rk S
HAAEA AR 250K, B VIT-B/16 F1 EfficientNet X 2%
() 22 S P A NN IS UG PR 1R 5 25 22, AH BT Mobile
NetV2, MobileNetV3 X &> X 35 1) 7 FHER 240G A
AT 3R TE, {H 5 ResNet50 AHEG, B 7 % X8 4 (&
LB B3 R T ResNet50, Hoft X Ik i 2 411K

10

F ResNet50, iX 2 HT MobileNetV3 JR A 7 &2 4514
TAEIR B B BIRHIE R 7R, 2% RAEBE JJ 8% . SwinT
FETH AR BN (K4 1. 20 3) BRI 830 R A
ResNet50, 7E [ FEK XA, 411X 0 CHALE R %)
X3 4 (EE) XS (A& LSRR
ResNet50 AHABL, 22 BH DX I AR (1) R/ 23 5 W 45 28 ) 43
. ConvNeXt 1E & X I FEFR I T ResNet50,
{HHT5IN T SBEFEE5 1, 482 AGRE J18ZE. 5 Mobile-
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ViT-XXS ML, PilotT 7EIX I 1. 2. 3. 4 Ef\5r 2K
BRI K, AT T 2.61%. 2.17%+ 1.93%
F11.73%, JEIAE T PilotT A5 74 BE [H] A 4 $2 49 1E I
T TE RN 23 (A5 R, R AE A R Y P 2 SRR 2 TR A
PHE IR OC R, 700 456 S M BURRHE (S B, N3 T
W 2% RAL R

SE RS G N EEASL RSN 5T,
FIT A A2 1) 43 SR AE B 26 A0 A R 2 B B 7, B0 iE T
LR ASTEAMEM L RS . $RTHEE AL FSHE 2 U7 T
MVER. X4 0. 4. 5 I3 KRR b, SR RE T W H
FANL 2R AE AT ROAEFTJT, 24 RAT R L IX 2 X I,
AR5 3k 3032 B AR 10 22 57 B 2, AT At X385
255 X 51, PilotT MIZEX X3k 1. 2. 3 AT K& 5
FEAETRE, W T R ILIX 3 ANE X S AEALAR R
F bR B A BRI, AT DA AN L [X I R 2 Ty
[Fa) 01 S 50 508 1) 350 v [0 2 07, R AU B HC D) 4 B HICHH 7
G R 1 R S 358 S S REAIE LB ARAB, 5 B0 4 X 45 4y 26
(R HERA 2R AR, IX SRR T BL MRS X T A— AN X35
B 55— AN DX, R T HL A R ) R Y [X
(filtn: X3 4 1 S), 73 2R 2 E .
42 ATAIRML R

NIKAIE PilotT 7 7E SE i A4l K AT/T 45 I 2%
PERERE, 14 PyTorch H ) Thop 55 1 AR 74 1) 7%
BB IBASHE. Gt R 6 Fik.

% 6 AR PEREX H

0 22 B 2 A 55 v R E R, B ARl W3k 7.
R T EEEAR S P EN K RS 4

FEALIX 5k LB K (ms) VER IR E
1-f2vE 48 243 12
2-7E R 25341 1521
3-fiilmR 63275 5624
0-~F L i 617 52
4-Fe L 18347 935
S-HME 198 15
oA X 42k 324 27

il GFLOPs SHE (M)
MobileNetV3 0.29 5.48
SwinT 437 28.26
ConvNeXt 4.46 28.56
MobileViT 0.27 1.27
PilotT 0.28 1.32

SRR KN 108 345 ms, SIEMLRECHN 8186
K. BHFR 7 AT 5 RAE AT 70 55 AT 55 B 0 22
TR DX IO M ) R RN 28 3R, FLRON LT, AR X3
BRI AL B AR S A /b, oAt [X 35k AT A R 4404 i i
A CAHEWT, 75 PATZAT 55 I R AT 2 0L e g Jm i i 1) 3%
M AR AT 5 0 9348 H A 285°; [FIRT, @it 2
TR K RO IH P 4 1 7 A Y P, DB S DR P ok
RS BT 1) 25 2 B8 2 o 4 o 25 ) . A o P A B 1) AT
FHATRED ZEAE, H1Z% 0 TR IRE T
FEME I 2 WO, VRIS RN EAR G4, J 8 2
A IEABTEAT A
422 HRIESH

PARAE L B TE AR R 1SR, A EIAF] 170
190 kn/h B FRUAHT &, @5 KT 10 m i i
VEBE, SERGE AT 4. iZ3FE P il PilotT YA B 7E A1
i ank 8 Fios.

F 8 AT S5 RN K RS 4

L% 6 ATHN, PilotT LAY 1) 4 & AT slis S IK
B BN T AR, 5 IR AR b, AR SCRT 800 et
REAE B AR L 43 NS FE IR 0 DR BF R /D RSS2 0
SR, AR N 0 SR MR B R s A

T I 56 RS (1) RATAE S RS Pilot T BB Y 4
B v PR AT AT AR 4 A, AT DL AT A LT
128 b B4 A 2 75 TR0, JF BN 21 TR 4 DR R B4 LA
FERATIIZRR. LU 3E 2 DARR KAT(E45, B4
1R 25 BEHLEEIE — 22 BT
421 KRS

PilotT BRI AL T B ik AL 7] 015°%% 2 i [) 285°

AR H bR M (ms) LIRS
1-{EE 7% 48 6276 520
27K 35279 3108
3-fiimR 19723 1254
0-~FHL i 8814 893
4-F e 145 12
S-HME 156 12
oA X 3k 213 16

STERLEK 70606 ms, BIEIRECN 5815 K.
1 8 T AT 2 G ) 2 AR DX IR it [ 3 R0 2 3
e, LU X 3500~ A0 S s A 7 RS 74 2, Y ALAH
X8/ (1) X 3 A e A0 A LT, A X 38T At
WRAT Fids B, ST A: T AT R, % I 2 93 s i 3 A
FI AL 75 IA B RIS & AR v [R] B JE A 1) %
FIWT A HTCHLR S I B AL 2 LS S, i
FEC V& ZR R 7R AR I BT A 75 NZ R S V8 42, JF A i
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= 0.8
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HAE FlyGaze Fdl 5 BRI RE, 0l 18 Fir Epoch
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¥ TRE, 1E58 62 % Ja 1 2k 22 ME MR B i 2. i
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ViT+MDFM. MobileViT+improved SE LA J MovbileViT
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84 85 86 87

89 90 91 92 93 94

TOP143 RUEWIZ (%)

PilotT = MobileViT+MDFM = MobileViT+improved SE ® MobileViT

B19  JH RS S Rt
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12 S 0 Qi A T P P AR 26 7 1) 3R 22 I ST, 6T L T AR
BT RO, W 19 fa] W, 1% T MobileViT,
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2.51%- 2.26%~ 1.97%. HIGIUE BZ B HOT T HE 7 X 4%
I3 FEMER 2 1A AU

(2) MobileViT+improved SE. 7£ MobileViT 3£l
NG T Sk AT 23 3 SE ML iR ZE 5, Xt L
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TE AN [A) HEAT R AR SR U AR R, BT R AT R AT
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BT TE VLA R X 430X 3 AN X sk 2 T FRO SRR AAE 22 31,
AT e X33 ) 3 SR AR 22 . TN improved
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