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A Precise Attention Tracking System Based on Computer Vision

Abstract

Abstract: A precise attention tracking system based on machine vision is designed to address the
difficulty in studying students' attention allocation. The system includes an image capture device and an
accurate attention tracking algorithm. The image capture device can capture the clearer ocular images.
The pupil center localization algorithm replaces VGG16 with lightweight MobileNetv3 and uses twostage
feature fusion and center keypoint prediction techniques to improve the speed and accuracy. The
algorithm achieves a speed of up to 36 frames/s and 97.42% accuracy. The gaze tracking algorithm
compensates for the head movements to achieve the meticulous gaze tracking. An interactive software
for assessing cognitive abilities in school-age children is developed. The software calculates the eye
movement indicators by using the collected gaze coordinates and evaluates the cognitive abilities based
on psychological theory, and provides a reference for the psychology and education research.
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Abstract: A precise attention tracking system based on machine vision is designed to address the
difficulty in studying students' attention allocation. The system includes an image capture device and an
accurate attention tracking algorithm. The image capture device can capture the clearer ocular images.
The pupil center localization algorithm replaces VGGI16 with lightweight MobileNetv3 and uses two-
stage feature fusion and center keypoint prediction techniques to improve the speed and accuracy. The
algorithm achieves a speed of up to 36 frames/s and 97.42% accuracy. The gaze tracking algorithm
compensates for the head movements to achieve the meticulous gaze tracking. An interactive software for
assessing cognitive abilities in school-age children is developed. The software calculates the eye
movement indicators by using the collected gaze coordinates and evaluates the cognitive abilities based

on psychological theory, and provides a reference for the psychology and education research.

R H i 2023-07-02 &R H Y 2023-08-07

FEETH . LA WA EDH (BY2022224)

H—AEF: XAI6(1999-), B3, Wi, BT RSB AL . E-mail: 1055869947@qq.com
RS 5KA1(1983-), J3, ¥R, WL, WOV ANLE RS . E-mail: zhangkun nt@163.com

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 10, Art. 2

35S HE 10
2023 £ 10 H

RGN AR

Journal of System Simulation

Vol. 35 No. 10
Oct. 2023

Keywords: pupil positioning; improved single shot multibox detector(SSD) algorithm; image gradient tilt

algorithm; oriented FAST and rotated brief (Eye-ORB) algorithm; reading cognition; attention tracking

Tl

0

5]
RUDE & NESRBUR b B4 445 B 2R E
SRR FI AT B IE 80%~90%, 1 HR B sk
AR e 12 1 D i R AT SRSk, B
Be) I AR ) — PR E BB . ANIRIZ BB
AT DA B R B > i AU SRR R R, AT R
ORI R, Rk, AZRIB R N
FAAE N R AR AT E I B 7

15 48 0 T 1B IR 5 v — M T o oA K
%, Dong Z5Hilid | — e T 25 44 ) Btk 2 D g
ML R R USCER IR FAS 5 o R R B AV S 5
%%m%@%ﬁﬁﬁ%\w@ﬁm%#ﬁiﬁm
T I A ) A TR 2 AR /N A 4 S ) B AL B0
TR BIBRER I BRI 507 o i R % B AR
Al DU HER M B R IRERIZ Bl , (G B 5t HL
AME, RIEH TN R R TR R 5, Bk
KA o BEE P BRI A R e, 53t
FON UK D718 BRIGAE T 5 [h) 7 7% B A28 A0 5
Al , Tesfamikael 25 K H B4 7 #1 1 T 7508 AN AR
L35 DX 3370 ) o I ot L b AT BRER, R %07V
Fe FET MR HE AT R M Ay, I A WA b 7 31
fL, MARER S EEREILIUE R, Bk, Xt
VER AW IR AR Zhu SR T AR
2R REREZTTVE, B B0 GO ER AN H 3 SC B
TIERR SRS — AESE h,  DLAL PR S Aoy
WAL H bR B AE AR |, FR4t 7 B A 2 [ A
IS TE) 3 A D ML) B A DL C A e i %, ] RS A
PRARERVE B /AT A ROR e

N E AR R B B T IRE R
MR F, $eHh 7 —SeER B T L . BTk
S5 BT R  WREE B B AT AL, R
AdaBoost 575 58 i N\ FIHR B X 38, T 5 HR IS A
ML X 35 2 N0 IR DX 3 2 AN B B AL

@i,

SUBTHRIRIR S s BRI PR U0 AL 66 13 vk
A1 DIib R AE m0E AT WL EE 0 AR A SE AL, 58
J% T EAROGIE RS R R, A EE R
ST E LI TR, AN B 3 2 SRk I 1 2k SR

REF B AR S WL AR AT K BEAL AL B, R

BB I RGB TR 2 [) 5% e B K L 42 8], SR e 5t
WKL B BEAT m I B A B, KR IER AR £

PN IR BEAT B A A B 4R 380N HR DX 3 A
HEfLECBE,  f o AT I L R0 A SEB R B
Fieg". TRSRAREEINTR, W7
FI T HR SR 0 i H SR, a8 ) & O E AL R
B 5 S B ALY 51 2 18] AR AUl 18 B R AT IR A
{ELR 7 1250 B BRAE i M B R A A

S te AR AN T8 1 R BR 1), A% St iR R 238
B E A VR SIS AMUE S . 5 R,
HEL )y ASC A6 Ao 5k JE2 ARG B2 7 Th e I, (B T
WA BB, TOVEREAT KBS, 7 2 R
TIRBEEHE ARG E R R N T 5o ix R
#l, wit T MEBRRERE, ZREAERARE
USRI T AL, IF B B TR R E AL
R RIRENAC L+ 22—, IR BIB ER R
REGAS SIS 2 IR

A SCE )T i 2R B R o )V R ) o) A
R, Vit 1 — AR T LA A B HEVE R B
BRRY. B, wit 7 AmiERBRERE,
WHRER A S AR MR BERG )k, I
LA TR, DLERAS BT M A e AL R
%F SSD(single shot multibox detector)'” &LV #E 4T 1
ok, K HLRR AR 2 BN 28 AN VGG16(visual
geometry group network) & # N B & L 1
MobileNetv3, Il id 2 J2 R ik fl &5 R IRECE 2 3%
JERFAE, M SE B AERA E RL AT+ & il UAE
Blo 78 H b H P2 Foin o 1 e S B s T
DA BRAS IEBA 30 FAE i 24 S I A 7 Ao it L

http: // www.china-simulation.com

* 2088 ¢

https://dc-china-simulation.researchcommons.org/journal/vol35/iss10/2
DOI: 10.16182/j.issn1004731x.joss.23-FZ0829



Liu et al.: A Precise Attention Tracking System Based on Computer Vision

2535 4555 10

XZige, S AP IR B B R 4

2023 £ 10 H

78 . BEJ5, K H Eye-ORB(oriented FAST and
rotated brief) F L TR LT &, Uk
XIAAIE R ) . fe e, Gl T gt RBF &
W, P E 2 B Sk B B ) R AL AR AR 5 B AR bR
Z I AR AR B, SEIL A BB . Ak, IE
BTt 7 FOA RN B B A B, I SR A B L
RO B 2 PR A 38 22 YN RN YE S, I AT A
A, PRI A FIRES .

SPEETIPN

Vol. 35 No. 10
Oct. 2023

1 KT E AL 7%
BAARIMRARME . MAHmAZE E

WA B R B % R AR T A AR, 28 I et A
SSD 5Lk S A HE E A th L AR AR A B, 4%
%18/ Eye-ORB 5Lk iH Sk i m A% &, fif Sk il
Tt AL LB BRI, fe)E 5\ B0 B RBF 5
IR Z5 B Sk T i A% B 10 e L A A 21 B e AR A )
AR, SE RO NIR AL ERIB BX -

Fil e e L A7

T
TERL s s

K1 R BRI AL

Fig. 1 Flow chart of attention tracking algorithm

L1 N EERERE

KGR ERBWE 2 i, FEEHRBIMGE k.
IR ZLAM G USB 9 45 F A Bt L ple . HLrl,
TG SR F 1 R = B 4R 1R
3k, R ZBAZR LIS AT — 2 e, HEE
KA HILLAME B 8% Fr 58 46 i mT WGBS B
RO T ER B IR ZLAMCAEIR IS b (I, M
75 21T 038 W IR R FL R . IR 20 AR bR A B 5 22
J2 B4 A A1 R 2140 06 T ok B IR IS 1) 20406
R B B AL MR E N R, AR Sk A
$EF]. USBY fE 4 1] LK R 2 1 BB AL gh
B, SE ARG B0 . BSR4 25 B I R 23K
Rl 3 Fr.

1.2 B 7Y SSD R FLAS I & vk

oS 7Y SSD el B33 e — Mk TR BE AR 2
e FL 8 505, iy AR I DX I HOMT e AL v oA )

PR, B, BT Fast RCNN W25 46 K
T NKES 38T ok, R, WA EG
HUBE AR, MR 4R A5 20 A 6 bR A5 B e b G v (%) IR
Xk, ffa, BEFLHORIH SSD M4 147 E i
Sk R BB AT SR, 155 T — MR
IEER R, BEFLE AX LR W 4 FR .

(a) F 7 R R G Sk A

(b) IRZLANE AR R (c) USBY @2 L1 bh
K2 EEgReEsE

Fig. 2 Image acquisition device

http: // www.china-simulation.com

Published by Journal of System Simulation, 2023



Journal of System Simulation, Vol. 35 [2023], Iss. 10, Art. 2

235 4555 10
2023 410 A

(c) BT i
FHPSpE et PRSI B

K3 EGRERERERNEE

Fig. 3 Images captured by image acquisition device

(a) U2 AY
Kl4 Lo A ook xt LE R R

Fig. 4 Detection effect of precise pupil positioning method

(b) et f5

SSD (A% L B T E TR 2 RUBHFE A T4

MobileNet v3

RGN AR

Journal of System Simulation

Vol. 35 No. 10
Oct. 2023

W, IR BRI, %250 ] LA 3 AN
gys FRAEATI . RRAEERA AN H AR . ERRAEA
M7, SSD R T VGGI16" ME ALt R, I
FESEEERN B3I T A= R IR U 22 ()RR T DA
TR ERERG T, ZEERHZ RE
FEAE B EATARI ;78 H bt X 2% J7 1, SSD R
T 2 ARG R AE B T RS, DL T2
NGRS

AR SRR EAT 7otk Ak, EH RS
A R R, ¥ SSD AR VGG16 BUN#E
= /) MobileNet v3 %%, Hyk, $#2H 7 —F =
PFFIERL G SRES, AT DRECE 2 MR ZReE, A
T B2 R0 /0N B s DN ARG B2, 3k T 4 v M L ) A
WG . BeJm, fEHbrfa Mg d, A 7 HG
DR AT, XA AT LA R 98 R A T T ) £
NE, #—Doemimt &5 R, o8 SSD
AN 5 BT o

SSD Layers

-

300

i
A

prediction Block

prediction Block]

r

prediction Block

Conv
Il
75x75x256  38x38x512  19x19x1 024 3 prediction Block]
<o
i
=]
i
IS
: ®
| ReLU || ReLU || RelLU
38
N
K5 itk Ry SSD vk &t py

Fig. 5 SSD algorithm structure diagram

http: // www.china-simulation.com

* 2090

https://dc-china-simulation.researchcommons.org/journal/vol35/iss10/2
DOI: 10.16182/j.issn1004731x.joss.23-FZ0829



Liu et al.: A Precise Attention Tracking System Based on Computer Vision

2535 4555 10
2023 £ 10 H

1.2.1 MobileNet v3

MobileNet v3"” 2 1 73 &k [4] A 76 2019 4F 2
19, JHAE ImageNet BEIMZ 73 AT 55 L HEHR 2 N
75.2%, W1 E T VGG16 [ 71.2%, 1 H 5 ¥k
#5400 77, 4INVGGL6 1] 1/25,

MobileNet v3 ] 32 ZHE i GG SR IR JE ]
AEMEREE, B NGRS SR
KRB 25y, LIk 8 1) S 30 s it
SR, AT RL I A R, T
— AN EE N W T, AT LARHEAS [ (AT 55
ok, BNAS R 5 B AR B, & AN [ 1)
YR .

¥ MobileNet v3 & 4 SSD A5 7 Hp 1) 4 AiE $12 L
P2, g R K FETH SSD RIS M 52, AT s 1) 52
PRSI 4 1
1.2.2 ZRRHERL & RN

N T v ke R R T A A AR )
FRERAE, $RH T —F RRHE LA RN o 1% SR I
B A VS R AIE B R SR IUEE 22 19 SR 4 R AE
B, MEHRKB A R DR £ Raaid
B, FNEIFE T ARERST(75. 38. 19, 20, 5)
FARFERE . 8 — ARG S AR EE, &
N3 A B AT 38x38. 19x19. 10x10 FFAE R ~F 1)
WM—gpGE. £ gmaEdETd, MET %
R B 3RS RIRHIE R, Hal A I 2 S — ks
TERRG RN, AR T 24N H A 3838, 19x19 HHF
MERFERZRE 2. DAEE—JURFIERL & M 25 9,
REAE R D 28 40 ] 5 R A T o

KAZ o, TR Z 43 0 AN 6 AN AN [RIREAE RO 34T
T, HA A 3 AN — S ORI 2 AR R R
o REERLABIHUE — MR B A G R, B
BRSO R SUE S, 7R R R AL
XN B bRE, B L RIRCR .

1.2.3 TRPUBLER

£ 510 SSD —#f,  E A& TN Z B ALE

M ARFAE B R 23 R R AR R . S TR R

XZige, S AP IR B B R 4

Vol. 35 No. 10
Oct. 2023

M JERE URIA TR, R FAGHIN 21 (132 FHE A kB
RBHATAN Bt ORI IL PIL FHER E PO R B
ws QAR ALFHEE LR, I A
L X IR B B LR R URAE 0 X IR
R kB, ORI TR, IRz
R A E LG o P RAE HR o X 3 AN ]
HOL IR A, UK TR (3 FRERE B o

T FAE ARG DR R KN A I 5 3 o
X PN FHE, ol XS AL, A B R,
AT R FHE, oL XRECR, A IR
PR, ORI X 38070 0 9 NN XK, R R AR
0 DX B 2 R 2 v B A

2 MLIBERTTE

iR C A RS AR E Az AL, (H2 T
NIRRT LA SR, ek, 243k i Bl A2
e L e 80 B e ) AL B e % . O T R I —
[ /L, A5 ] Eye-ORB 532 VL e Sk & 47 T i 5T J ot
ML B O &R, I IR AL BE A 21 5 A A4 B =k A

BRESIR A, BT%2% i 5,
LA WAL B 5 o R RBF 59540

B 2 R S i A% B D R AL A R 30 B R AL AR 1 A
HFE, sERO NIRAMLZGIEES . B 6 2 LB i
IHER R E R, HORARERLBRRN, K
MR IR LB 1 RN .

® fiiifL S PRALE

% FEye-ORBH.

R B8
FRRIIRE gz
LR o A

LY 2F S

Ko MLIBETTERE
Fig. 6  Sketch map of eye tracking method
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