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Research progress on eye tracking technology
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Abstract: Eye tracking refers to tracking eye movement by measuring the position of the eye's
gaze point or the movement of the eyeball relative to the head. This paper introduces the eye
tracking technology, focuses on the recent research progress, analyzes the various eye tracking
technology principles, and compares the advantages and disadvantages of various measurement
methods in detail. With the continuous development of eye tracking devices and their wide
application in various fields, we further introduce the development trend of eye tracking at home
and abroad by comparing the characteristics of several new eye tracking devices. Finally, the
research direction of eye tracking technology is introduced, and the application of eye tracking
technology is prospected.
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Fig.1 Human eye structure
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Fig.2 Mechanical recording method

TERIEERETER, IR —3ARA:,
TEAL . IRBESEHAR R i W B o (ERIN ¢
HAREXSHR S FEAT UG Y 1A%, T EDULERAYSE SR
HARENE, BN 2InEAR P TIRSITSE .

2.2 HHHERE

AR Zh LA C S 2 FE FE R B 510 SR I 562 v
FAMLMAG 27 20 Bt R SEBIR Bhic sk % ik
FEA A B AR, B — TR R A
F 2 B 1% . 1898 4F Richardson 251 F1
BB — AT R ER |, S —0ae® T
PSR B AR IR S, sl 2 R
PUBAC sk — A 3 b SSATATI:, fA IR
Wk, Kotk IRSEPIGE SRl
MBI ERE I HA G R, R RS
TR AR, IRAE 3 Bl v AR X ey
BT IR T

e, XIS OO R A RS E FH B R AT
25, HR A RRACI S AN, T X U] A X A
K, IEREXFh 2RI T AR 22, 24HR
BREE SR, HREKE M e btz & AR AR,
RS PR A s 7 Rz JBR 2 T A P BB S IR R
uitr, HRERTE] RS, PR AR A 3230 T 1
FAR, T BHAR AT i A FAR, SRR = —
B R 22, 7 AR EK ) T F% Sl 7 A R S 1) H AR
%, [AIFE, 1955 4F Woodworth 25" 05t T 224
Jri b s, HRERTT ) b AR AR B = A A FL AT
7, ZRCRIESRIIRERE SO BAE B . 1ER1
GERIFAE L PRz GO, T BRI LA,
B E AR AEE2E T, NS REARIE
M5 R R, Eizls kR B E
Ao WIS ANl 3 s .



° 90 o b=

5 A%

41 &

B3 REENBERSH

Fig.3 Electrode distribution of electrooculogram
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Fig. 6 MEMS-based eye tracking principle

T —FhoE 5T MEMS B9 732 WA R F
IMRBUE R ASAL, %) 2@/ NHR i
EERG, ARGV RIS TR S R A
AR, FH— AR R, GG
& JE S AL, BRI N iR MEMS 3K 3

wr, HEAVFEBEIIEE, REEHE ASTHIGL
e AR
>
14 mm “Vertex distance” % a
- /
M (a,b) L/
@=24mm) L/
Ny |/
IRIE —— / ;&2
— ; H
(d=10 mm) y 3 oy

(a) RG]
B 7 ETF MEMS BIERERREE R UEREE
Fig. 7 MEMS-based tracking principle and prototype of scanner module

3 RIFWEBFEARFENEEZDIER
R ERIRE

3.1 RKikHTHERRE)RE

KRBT S B AR T HURMERU th T BE R
ML BT A, XA EVE S B0
BUABEMER G 72Tt oh T BRI i ™= A ) B AR
T, Ul b A KR R ) U HR Sl R 4
ARUFFEGUR— EIRR AR, HRSNERER BRIk
B 8 i SIS g

E AR IR AN AT 14 ()
H1 TRFHR S B e A A BER 2, 9 G AT

3.2

GF, HAE AR OGRS AN IR A, RIS
MR R T S 5 ) — D REHE O 50 A LS
SO RS, R B LA S B A G
R BEEIRNE RIFES, I EHDEIGE
ERHR AR RES D i AR R B R RAF 1Y
w, BRI SEEL AR SRR SRR o

Interposers

(b) AL

PR s FTHR B3 1 #7 oA e SRR Bl aAT e 22551
WSR2 R S EUE i 2E, AR as—hr
1, XL O BRI L RE
HARRZES, B RAE R AR A7 HE LR
S Al S S X B AR, R
RELRIERI & 7 i LI EAS, XA RS
Hizgly, [FREXPEE IO AR RME, R T4
PR AR o

3.3 WERBEREEERER

R ) 00 0 PR AR R iy, (ER T T A
75, i BB R AL A X Sk P el HR A T [
E, FIRMIBE A M I 1 o O B T AIAS
SPIGE, RINEEAR T A bk, WEATTE. Ak



¢ 92 . b=

5 A%

41 &

PN AT BRI G BEA, A PERR A, 3
T P EEE T, (HAAT I R R AN
RERSIRIIE. 25 Lo, FRATar LIS & R
AR, P REREAS S AR R 3L AE
SEINETE PR T, AT A IR S BR B A
W B B B3 BE A Tl

34 EEESBEESEE

P PEAR SRR, e R I LA R
AT RIS, A RESEMER MO R SR B A v f
P, T IRSIERE: A SRR, sEiE A S
HAbEE R G A REAAEHRAEH, ZdiE%a
T ENZATEAT . UME . EAMYEE T, SRR
K ATk AR P AL IR SR B, X
S LB A Y BT, R
()N 18

4 ERIMIRRIE R ZERE
REXT EE

Il A X IR Bl BRI 5 B AH S s IR A A0
e, ZROE5| 2k E MR SC LR AT IT .
20 fih4d 80 4FAUK, KA BEAANRIIN M A T
LLAMCHR BN IR SR R SE, EREd LNk
SHE OO S AR AT BARYR BROK -z Bl
FiE 55 PR BN £L MR/ IN B 722 Al ofe ) i Hi
3. ZBORE B E NSRRI IE B e R K

I % 2 e AT T R P 20 g
90 4EAR, PHEHTRHE K A A H T k8 X
IR, B FEARIRL AN G, HR
IRV HR G EUR SR, oA 5 S b P
IHREIEAL PO AR, R SR BRI E G

X R I IR RS S IR S, g —
e RS LD RER S . R S AL
AR MRS . UG FEE L ST R 5 4 5B
SRR HEAE R Bh BRI IR A8 T BRI I Y
PRET AR AT-Hl 22 A 21 S ARG, AN BE B e Ak
IRAE, RATaeda e A THMERG . BT
IR Bl PR R A5 HOOKG B 5y 2 B AR . R, TR
PR AR 2E AR, DR R )
SRASET, XREA BER IR I A7 B i i Vg AL,
HNELRAENS AR R G AR TI B L o 17 3 HL X
IRIE PR, B TR BRI %, ABAR 47
{4 RIS A2 Sk A B R e %, BB AR
2 1 B[R] B i 2 B 1 AR o [ Bl
WFFE T ST IR BRI A AR 25 5, it A
FilL 44 FMRHUE =R M= N
KSR 28w FH #A BRSS9 4 77 1Y) Eyelink #4 [R
ALY, fEE SMI A Al A ) iView %L IR 3
1, SEE N FHBES 3 (ASL) A2 1) He YR
L, HA ISCAN 2 w4 =) ETL500 Z 51 HR
L, WK F]T SEEING MACHINE 4\ & 4= 7=
A9 faceLAB AR IR 2013, Fid Tobii &% HR
Y, HAEREXT LI 1,

R1 BFERZHUIERERT EE

Tab.1 Comparison of various eye trackers

& RGEA SNBSS CRFEER  RESYEE BEFI REEME  WSNE ERES REMEBUS
EyeLink . . . L/ B KW A5 e - .
JingE KSR P KA 250Hz/500Hz 0.1 % 4t B, 1350 PUBHRER SR A5 RS = A =
P . o e fiE £ L/ £ L o K 300 o e
fEESMI iviewRF] kX 50 Hz/60 Hz 0.1 4t 0.5°~1.0° e 1) gso HREERER G SR
o et fii £ L./ A o KR S0 PRI
EMEASL  H6®F k& 50Hz60Hz  0.25 % 4t 05°~1.0° e 1) 400 P L S
ETL500 ML/ PV S < RN
HZISCAN 251 S 5: 60 Hz 0.1 % 4t 05°~1.0° e 1) 55 iR AR 7 R TR NN
WA
N i fL/f K +-90° e DT ENWIE
SEEING  faceLAB dEHfm=A 60 Hz 0.1 4t 1.0 Tl 50 PRAT R et
MACHINE
" . . . " KN 450
BiidiTobii TobiiFRF| AEEfiX 60Hz/120Hz 020  FABRY 0.5° E. 300 PIREREE SR (SR




AR, A IRSIERER BRI

e 03 o

5 BERZNEREEN ARI=

UTAESRHR B R ER B N FTBOK B
EWFFERIIRATEAE SR S R ER I PR A 5L b e i
TVFZAEIRER T . IRSHERERHOR 5 HAb
AREEEHITIEIA K SRR, IR SIEREAST
et T AR e R, IRSVERER 5 MEMS 0K |
VR/AR 80K | AEYPIRBIER SRS &, BURR
55 TEHANTAETRAR AU, HAT R iR
RIS . £T MEMS SORM A i AR SR B 5L o
IR SIEARRN BN A, KRG AA
SR APERE LA R T 2 I, XS AR S
Sl R R AT FE R S MR B ER B AR5 %
A DL HAT R S, s S R A
LAPHTIDEIY . BEST SO R G TR ISR |
L B A B RIS | 3 3E ST 25 0
RIS

BEH AR SERERBOR B AT, AN AYHR SR BR
B MAWAL e . EARIRSNERERBOR T A
A RAROC A, 584 n] LIRS T s AT A=
i, ARBHEREAEOAR BT AR IR ER SRR
AR ETT ), 5 AL AR UAL A e B E A

EEPEE

C1] BB, Zeubam, 41 53 25 HR NS AR IR H R &5
[0 VHEHL TR S R, 2006, 42(12): 118 — 120
140.

[2] ROBINSON R M, THOMAS M L, WETZEL P A. Eye
tracker development on the fiber optic helmet mounted
display[C]//Proceedings of SPIE 1989 Technical Sym-
posium on Aerospace Sensing. Orlando, FL: SPIE,
1989, 1116: 102 — 109.

(31 ZEMEM, ST, EA T IRIEREOR (1], ROt 5%
i, 2004, 11(1): 71 —73.

[4] MORIMOTO C H, MIMICA M R M. Eye gaze trac-
king techniques for interactive applications[J]. Computer
Vision and Image Understanding, 2005, 98(1): 4 — 24.

[5] JACOB R J K, KARN K S. Eye tracking in human
computer interaction and usability research: Ready to
deliver the pormises[J]. Computer Vision and Image
Understanding, 2003, 24: 682 — 701.

[6] SALVUCCI D D, GOLDBERG J H. Identifying fixa-
tions and saccades in eye-tracking protocols[C]// Proc-
eedings of the 2000 symposium on Eye tracking rese-
arch & applications. Palm Beach Gardens: ACM, 2000:
71-78.

[7] LARSSON L, NYSTROM M, ANDERSSON R, et al.
Detection of fixations and smooth pursuit movements
in high-speed eye-tracking data[J]. Biomedical Signal
Processing and Control, 2015, 18: 145 — 152.

[8] PANDER T, CZABANSKI R, PRZYBYLA T, et al.
An automatic saccadic eye movement detection in an
optokinetic nystagmus signal[J]. Biomedical Engin-
eering, 2014, 59(6): 529 — 543.

[9] SARKAR N, STRATHEARN D, LEE G, et al. A large
angle, low voltage,small footprint micromirror for eye
tracking and near-eye display applications[C]// TRANS
DUCERS 2018-2015 18th International Solid-State
Sensors,Actuators and Microsystems Conference.IEEE,
2015.

[10] YARBUS A L. Eye movements and vision[M]. Boston,
MA: Springer, 1967: 19, 20, 29-58.

[11] MILES W. The peep-hole method for observing eye
movements in reading[J]. Journal of General Psychol-
ogy, 1928, 1(2): 373 — 374.

[12] RICHARDSON D, SPIVEY M. Eye Tracking: Chara-
cteristics and methods[J]. Taylor &Francis Group, 2004,

12(2): 3 - 4
(13] SR, EAMR SR ABFFT [1]. O BRRRE, 1964(1):
29 — 46.

[14] WOODWORTH R, SCHLOSBERG H. Woodworth
&schlosberg's Experimental psychology[M]. Holt Mc-
Dougal, 1972:276 — 278.

[15] DUCHOWSKI A. Eye-based interaction in graphical
systems: Theory & practice[J]//Acm Siggraph Course
Notes,2000.

[16] YOUNG L R, SHEENA D. Survey of eye movement
recording methods[J]. Behavior Research Methods &
Instrumentation, 1975, 7(5): 397 — 429.

(7] /b, BUEE, T EE. M 7 HU R 58 (MEMS)
LR HBIRESE [3]. MR, 2002, 21(8): 1 -5.
[18] CLEVELAND D.Systems and methods for miniaturi-
zing eyetracking systems:US,US 20150238079 A1[P].

2015-02-28.

[19] ISTANCE H, BATES R, HYRSKYKARI A, et al.
Snap clutch, a moded approach to solving the Midas
touch problem[C]//Proceedings of the 2008 Symposium
on Eye Tracking Research & Applications. Savannah,


http://dx.doi.org/10.3321/j.issn:1002-8331.2006.12.035
http://dx.doi.org/10.3969/j.issn.1671-637X.2004.01.019
http://dx.doi.org/10.3969/j.issn.1671-637X.2004.01.019
http://dx.doi.org/10.1016/j.cviu.2004.07.010
http://dx.doi.org/10.1016/j.cviu.2004.07.010
http://dx.doi.org/10.1016/j.bspc.2014.12.008
http://dx.doi.org/10.1016/j.bspc.2014.12.008
http://dx.doi.org/10.1080/00221309.1928.9920134
http://dx.doi.org/10.1080/00221309.1928.9920134
http://dx.doi.org/10.1080/00221309.1928.9920134
http://dx.doi.org/10.3969/j.issn.1000-8829.2002.08.001
http://dx.doi.org/10.3321/j.issn:1002-8331.2006.12.035
http://dx.doi.org/10.3969/j.issn.1671-637X.2004.01.019
http://dx.doi.org/10.3969/j.issn.1671-637X.2004.01.019
http://dx.doi.org/10.1016/j.cviu.2004.07.010
http://dx.doi.org/10.1016/j.cviu.2004.07.010
http://dx.doi.org/10.1016/j.bspc.2014.12.008
http://dx.doi.org/10.1016/j.bspc.2014.12.008
http://dx.doi.org/10.1080/00221309.1928.9920134
http://dx.doi.org/10.1080/00221309.1928.9920134
http://dx.doi.org/10.1080/00221309.1928.9920134
http://dx.doi.org/10.3969/j.issn.1000-8829.2002.08.001
http://dx.doi.org/10.3321/j.issn:1002-8331.2006.12.035
http://dx.doi.org/10.3969/j.issn.1671-637X.2004.01.019
http://dx.doi.org/10.3969/j.issn.1671-637X.2004.01.019
http://dx.doi.org/10.1016/j.cviu.2004.07.010
http://dx.doi.org/10.1016/j.cviu.2004.07.010
http://dx.doi.org/10.1016/j.bspc.2014.12.008
http://dx.doi.org/10.1016/j.bspc.2014.12.008
http://dx.doi.org/10.1080/00221309.1928.9920134
http://dx.doi.org/10.1080/00221309.1928.9920134
http://dx.doi.org/10.1080/00221309.1928.9920134
http://dx.doi.org/10.3969/j.issn.1000-8829.2002.08.001
http://dx.doi.org/10.3321/j.issn:1002-8331.2006.12.035
http://dx.doi.org/10.3969/j.issn.1671-637X.2004.01.019
http://dx.doi.org/10.3969/j.issn.1671-637X.2004.01.019
http://dx.doi.org/10.1016/j.cviu.2004.07.010
http://dx.doi.org/10.1016/j.cviu.2004.07.010
http://dx.doi.org/10.1016/j.bspc.2014.12.008
http://dx.doi.org/10.1016/j.bspc.2014.12.008
http://dx.doi.org/10.1080/00221309.1928.9920134
http://dx.doi.org/10.1080/00221309.1928.9920134
http://dx.doi.org/10.1080/00221309.1928.9920134
http://dx.doi.org/10.3969/j.issn.1000-8829.2002.08.001

Y/

ot

AL
&2

1%

#

W Ha4l

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Georgia: ACM, 2008: 221-228.

#HRHE AR SRR RGP (D] L ER
AR, 2014

Bt BRSNS 5 528 [D]. PY% B FRHE R,
2012.

KT, WA, TWEM, % —FOmIREIE
TFEHLA SRS [I]. PRI DR B 2F A4k,
2011, 22(2): 91 — 96.

kR, VRS0, JR B, 220 R A (0 A 56 ) A R B
2 [3]. HEHLTRL, 2004, 30(13): 67 — 68, 171.
WiNE, EAR, BEF, & RLRERG T
Iy EFLAE A B (3], fias 254, 2012, 33(6): 1052 —
1600.

k2 L, PhNEN. ST R R £T MG L S AR Bl
HAL [J]. AW B2 TR IR, 1989, 6(4): 282 —286.
LB, PNE . TR s 444 SR BT (9], 2R
VIR, 1992, 8(3): 521 — 526.

(271 UK, IVE NI e DU IR AR B Re 1 (9], o0 By

(28]

[29]

[30]

(31]

2, 1999, 31(1): 7 - 14.
BRZE, FRlae, BRmRER. Sk sUIR s i dsE 55
SR (3], VL TR R 2E24 4R, 1998, 25(5): 606 —
610.
K, ARG, TR, S5, — R A E TEL- A R
AR BZRIE 5 2 [T]. THEALER, 2010, 33(7):
1272 — 1285.
ALTMANN G T M, KAMIDE Y. The real-time medi-
ation of visual attention by language and world know-
ledge:Linking anticipatry eye movements to linguistic
processing[J]. Journal of Memory &Language, 2007,
57(4): 502 — 518.
MORGANTE J D, ZOLFAGHARI R, JOHNSON S P.
A critical test of temporal and spatial accuracy of the
Tobii T60XL eye tracker[J]. Infancy, 2012, 17(1): 9 —
32.

(i 5k &)


http://dx.doi.org/10.3969/j.issn.1000-3428.2004.13.028
http://dx.doi.org/10.1111/j.1532-7078.2011.00089.x
http://dx.doi.org/10.3969/j.issn.1000-3428.2004.13.028
http://dx.doi.org/10.1111/j.1532-7078.2011.00089.x
http://dx.doi.org/10.3969/j.issn.1000-3428.2004.13.028
http://dx.doi.org/10.3969/j.issn.1000-3428.2004.13.028
http://dx.doi.org/10.1111/j.1532-7078.2011.00089.x
http://dx.doi.org/10.1111/j.1532-7078.2011.00089.x
http://dx.doi.org/10.3969/j.issn.1000-3428.2004.13.028
http://dx.doi.org/10.1111/j.1532-7078.2011.00089.x
http://dx.doi.org/10.3969/j.issn.1000-3428.2004.13.028
http://dx.doi.org/10.1111/j.1532-7078.2011.00089.x
http://dx.doi.org/10.3969/j.issn.1000-3428.2004.13.028
http://dx.doi.org/10.3969/j.issn.1000-3428.2004.13.028
http://dx.doi.org/10.1111/j.1532-7078.2011.00089.x
http://dx.doi.org/10.1111/j.1532-7078.2011.00089.x

