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Line-of-Sight Detection Camera with Saccade Tracking Capability
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Kawakami HayaTol?)

and Its Applications for Interaction

SasapA YuTal:®?)  Igarasui Satorub®  Axita Junicartd

Abstract: Line of Sight (LoS) measurement is expected to have wide application area, including user inter-
face and psychological analysis. The saccade, one of the eye motion type, is also expected to be a new type
of interaction technique, however, it is impossible to measure and track the saccade with high frame rate and
low latency by using the conventional LoS measurement system. In this paper, we describe the real time LoS
measurement system at frame rate of 500[fps|, implemented by using high speed camera and FPGA, as well
as integrated image sensor. We also describe the evaluation on the prediction of saccade destination, and the
possibility on its applications for interaction.
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Fig. 1 Example of an infrared image of eye.

SIHICRELIEBD DOH 5.

—7, BRMERD 5 BIERG RIS TR, v r— K%
FRANCIE T 54 v 2 T 7 v a BT DR L FEET
. RS [10] X, BE SN 1 RITO IS %L (ms) FE
FEOREM TR Y — Nt TR S, 2—FRZEh% i
TN EEITRI DY v r—RIZE o TEDNRE— B
WIICER SNTA A=V E R THIENTEDT 4 A
TLAEREEL TS, EELa—FRERICY v 7r—
RERZTZEIETERNED, TOA A—URBNDH
AT EHET D Z LT TER.

FLEES (1113, ARESZFMH L EOGIEIZ LY
Y= REYT AL A LIHRE L, FEBEmAIZHN
L2 Ta—VICHERSIEREBERTRELRELT
W5,

3. Yy r—FEERRBRLGHEKITANNASD
FAFE

KETIE, Vv r—FE2a0dRommE - U 7121 L
RV A7) HAZ R L T2/ A T T34 2D
EHEAME L, TOREIFEORGTEDT-WDIZ, =i A
Z & FPGA (Field Programmable Gate Array) & FH\ 7z
- AR LA T U BIRREHR S R T A DHEEE, B LUV
N AT T A ZADRRFRDUZ DN TR S

3.1 MRREHRIORE

AR TIL, GARFHINIC IR & 72 HERERNTEMRH TR E L
T, BgRHED M TH IR MEILEEZ AV S. 2R
BRiox LI RaMRE RS L, ZOREDEEFRINRD AT T
HMTHEDTHD. =0 & X ITHNE N 5 IRERE D5
ZE 1T, BEEILIE T, BEILO S IR IR
72, MIGEWERE LTHELND. Z ofmfLiEkE, JHiH
EHARTHEEI L TR MRREL, HBELEVMHEIZED
AN ES TH D, BN L EoEREDEN
FEIRIIFIET 503, BILFERO I KRS Wz, REkZ
EUHEEOIROMEICK L CRWEFEFERORELEZRD D
Z LT, T ERICEILOMEERD D ZENTE D,
BB ETFIZENTOWSIEAICELLS F 5Bk
BB, $OEBREV—Y T, RSN HEEFLEKOE

50



X
l APS (H APS |- -+ —{ APS [
y
I I I
) ) APSHAPS|— —{APSH
Pixel plain T T T Row select decoder
| | |
APSHAPS|— —APSH
f f f —
PE H PE |~ - — PE [ Accumulator  Divider

I
| Column select decoder |

2 FREFLEE T —% 7 7 F % @ Vision Chip

Fig. 2 Column-parallel vision chip architecture.
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Fig. 3 Column-parallel image sensor architecture for centroid

calculation (for one column).
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Fig. 4 The operation timing of image transfer and calculation.

. EWHEEKETHD APS I, @FH DO CMOS 4 A —T%&
VY TH NIV OND T N E A A — R EBEIE
TUVAREINGLIRAH APS G L, BRICHEY T 2%
(Integration) BIfFEIC & » THEEL IR Lo EEE S 6
L. BRBINLOEFEIAKRGALT Z & T, CMOS 4 A
FELTCORBOHLETH>ZELTESD. LB oTEN
ANERROT O NI ATOL D ITEHEIT@EFON AT &

LA LoD, HEIS L THEREEREZRD S, L)
FIAEELREETH 5.

APS TR b 7oK EFEOREEMIE, #E(Y) HIllEx
B SN D 3N =Y TSI T pyy B
KOOI, b EHANTESITEINCEK S, SX,SY O
PHOY FROMAENTLRD. T7hRbbiE (Y) Fmo
AMBEOTHRL LANET LT, Y HFHoMEIEK T
LTWbZ L5,

ZD%k, HITROOENTZY FHROMERREE, 45
R (X) FAHTRD B LIE LTV 2 & T, Rflnie
S,8X,SY BRHHIND

Fhb BRI - HEF OB X, Y Ioeh U CELRE
WK T T2 FE TCORHREAT v 7HIL (X +Y) L7
P TZ DR DA A — Uk v VT TE 72 B JE OB B
fIHz] 1%, 7L—AL— | F[Hz] 25 f = F-(Y+X) LR
LT ENTED., ARTIE, VGA B (640 x480[pixel])
&7 L —2AL— bk 500[fps] & BARMLARE LCRET .
VCAfEED X = 640,Y =480, 7L —AL— |k F =500
NG f =560[kHz] & 722723, ZiUux—fEEI7 CMOS 7' 1
TACTHSICERATRREETH D,

eBEFND S, 8X,SY #ROHEHIT, TLEH1EY
Ly ORI TH 5 Su, SXu, SYu ZHbkisise L=tk &
T5. ZHIUC LV AERBEIRME OB E RK/NRIZLOD,
VEREy MEOEREE AR T 5N TED. S
1y FORINAEREEEBRELRFETO21Ey LY
&, BIORR (X) FREMAERHIHNS 3IREE Ny 7 7 005
720, FSX ESYEZHIZ1I E Y MyroREDZHD
AND %' — N B0 L7 BB & 72 5 [12).

LBk, BEOFRICLELR (2) ROBMEN 1 7 L —
LT EITkOBEN, FEL 7L —25D L AT TREIL
friER L OEND D HEMEREHFDL LN TED.

© 2014 Information Processing Society of Japan

K5 BARLIEEmEI AT E FPGAIWLLDHAT VAT A
Fig. 5 The developed camera system composed of the high-
speed camera and FPGA.
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Fig. 6 Observed pupil and the calculated centroid of captured

image.
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Fig. 7 Line-of-Sight display application software with calibra-

tion operation.
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Fig. 8 Evaluation chip of Line-of-Sight measurement CMOS

image sensor.
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Fig. 9 Setup of Line-of-Sight measurement experiment.
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Table 1 The measured error view angle.

Set | Ave[deg] Max[deg] Min[deg]
1 2.12 3.22 1.07
N-1 2 0.57 0.91 0.34
3 1.85 2.50 1.27
1 2.77 5.31 0.62
N-2 2 4.43 11.2 0.21
3 1.30 5.73 0.24
1 4.01 6.11 1.73
N-3 2 2.69 3.98 0.25
3 3.88 6.40 1.90
1 1.66 3.49 0.72
N-4 2 4.71 9.78 1.76
3 4.10 7.59 0.36
1 0.82 1.58 0.27
N-5 2 0.98 2.21 0.03
3 1.61 2.85 0.44
1 3.67 7.49 0.29
G-1 2 3.43 5.86 1.33
3 4.67 6.05 2.41
1 2.26 3.32 0.65
G-2 2 2.39 6.58 0.10
3 1.25 3.16 0.36
1 2.96 5.93 0.81
G-3 2 4.18 6.45 0.98
3 4.54 11.9 0.66
1 7.56 11.1 2.67
G-4 2 3.59 5.51 2.14
3 4.94 10.0 2.14
1 5.12 7.88 4.25
G-5 2 3.36 4.07 1.89
3 4.19 7.02 1.71
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Fig. 10 (a)Measured pupil position and (b)magnified graph.
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tion. Circle indicates the predicted position of saccade

destination.
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42 IO EBRTH LN EALER I LT, #iET 5 2
ROEIEDZEN LEVME Ap 2B X TR (ts,ps) Y v
r— ROBRRME, Eety o — FBRBRIEEDOENFHN
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Ap LAF &2 o T2 (to, po) W v 77— RO T R L EH
T5. 7eBY v r— FOBBEOKT SONNE ps, pe 1T,
TNENFIGAORT 3 B ERTRO% 3 ROEE LT 5.
henn, Yy ir— ROBEEEE d = p. — ps|pixel] &
W — FOREE v = (p. — ps)/(te — ts)[pixel/frame] %
KD 5.

7235 4.2 IO FERTIE, #BRE OB L AN D I
BEIL T\ D7), LD X RO % Az,

ZIZTAp=04 EREL, FHT—Z h ORI
MHo & dEZROEERER 11 IZRT. ZOFREND,
Wy — NlE v &Yy — NBEEREE d IXISIEET
e, TR e AW Td=av RSN, F
7oy r— KRR Z D2HRIXIFIE—ETH D Z EIVREN
oo BUNZRIEND, ZOHBREIIKT D d & v OHLHIER
BalZa=71,RDON, Vv rr— R 5HMITIX
IF 14[ms] T—ETHB 2 L BDID.

5.2 Yy —FOIERDOFE

5.1 BiDfiRE S LI, Vv — FORESD TR OFF
iz T>7. v — FEELSOTEp., V7 — RH
MR OBEINE p, &, TI0bE 7 L—AMNSRD T
Yy r— NEE 00D, po=ps+ad ERDODEND. B
r— R THNCHWD 7 L—2380 k % k = 4(500[fps] (2B
T 8[ms| %) & LTH v 7r— FEEESO TR p, &, FH
SENTHEFLEE O 2R 12 (IR, EEOY v 7 — RE|
R pe & FDOTHINE p, DREFEDFHEIL —0.47[pixel], FEYHE
fR7ZE1% 0.96[pixel] & 72 o7z, ZORENL, v r— RH
167> 5 8[ms] 12, ¥ 1[pixel] K ORFBETH > r— K
DERFERE TR TEZ D ERENT. B 4.1.2 HioH
MR A C O REEERTAT CIXERR O & 23R & b 574
ZRELC TR, KFPRTHWD Y > 7 — RIS O
ERV+HENDFORBIIEETELHLEZIOND.

6. 7TVr— 3 bl

AREZEV Y o — RO U TV A K725 - BREDS A]
REZRGRREHII S A 7 AMEHLE Nz, ZhEH T 7Y
r—a O BRITA REECED 5, BRFST
EZONLT SV r—arv kA BT a7 A
T T BBRRD.

FPERS [10) O —FIEREABIC L 2% v r— FF «
AT VA BPIRL, 2 —FOBRIER? ORI > or—
RBEZDXA IV T EZOERELEZFHTILT, ZHITET
THFEERBOZA IV T L HERFIEHTLZ LT, TD
=PI o THBEBHE DA A=V L LTALND MO
Z—PFIE—BRO SR LR N2 LT, FOFEIL
KWLk oH7p, av Xy v TT ey " 2T 4 AT
LABEBTERLEZOLND.

FIBEE R EORBME T 4 AT L AIZBNWT,
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T—RORIBZAI T ETRINT-HBROBEN D
5, FOHEBOBEEOEBIZOHRLERED LTEDOL—H
WA T E R &E1TH 28 T, 22— T LT 4 A7
A DL OB DT — I\ 7= 2 ek 7 i
BRT NAADFERLAETHL B2 LND.

ZFOM, FEAALNEIEDOT O NI RATITERY AT LD
Y TH A DBRREHRRE A ST 5 2 & T, HRIC
K DHEERIRIETS T T, ERAAMEEROT 4 AT LA &
RIZFERENDEFERE, TO2—FZOHRRZD, v r—
R OBENEDEDOIHIZ RN ERINHIER L &+ HE
LCERTDHVATAOEBLAMETHH LEZOLND.

—J, AWFETHRE LTWS, Bk ELHe L
FEAA A=V L, UorF y FO/N - KAk 72
PRI A T EHRDZEHTED., WEROH AT LHE
WBLT AT AR PC & DAL OEIZ L BRI AT
LU, EHRERRE « AUELEEE DOFIFRD 72 59, AR S
AT NEROY A X a2z hORBRIKBARNETHY,
INBMERBEZE O L OO AR ERIBRT HERF & 2o TV
7e. & T AN Google thAFEHR LT/ NIDIIIEE T 4 A
7L A (HMD) T& % Google Glass @ £ 512, = —HF»
HoOTCIESIW/NIOT ¢ A7 VA B3F L, ZhUliES
W —bEREET A =TI TN a B a—T
T, WEWEERE > TE-8BE, o HMD 12
INRD T o F TR A T BT 52 L%, =—
FOABOHMIMECEIRETHDL LWV 1 b, HMD
~OERITRICB T, 22— OMEBRERIZIER ICF A
HMTHY, FEoWm HOGEBIEREHRE L TH LN D RT
E HMEEDIERROERIE, FlX2— R FancE
REAGDLE TV LGAITEREETL, EICEREZED
T WD HEAITIEFERZ IR E TR ERZ D L0127
%, REDWRVISHREIREESND. AR THRE LT
WA A A=V L, 2ok ) A - KAl
T HMD IZHeE SN & X 7 L DB O RN
ERWHTND.

7. FEOH

AFETIE, VGA (640x480[pixel]) FEEE DAL & 500]fps]
DEOEZL—AL—F, BIOW1 7L —AREOKLA
TUVEMNTED, HBEFHHIAI AT VAT LT —%T
JF v ERFL, @S AT E FPGA % AW
HAT VAT LD, BLUOWEA A—T Y ORIE
WZDOWTIRATz. HRFHID 2 7 2 AT K% V-3 %E
BT, ERALVVORBEHEE LY > r— R U 7L
HALBENARETHDIZ EE2R LT, I LIZEDORERMN
b, Yo —ROEZIDHZA IV T DRFEZDRBEILED
THET MZOWTHRET L, ¥y — RO O E
O ST 1 ERRWGORE TY v 77— ROBEIE 2 Tl
BETHDZ LERLT.
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SRIIHBEH OERENRE, ¥y r— FFRIZER L
oA BT 7 a YEIRORFIBAFE Z DT,

HEE

AL, BRI T 247 % — (STARC) O 7 A
FATAH T (1S) OBk %EZ -, 72 CMOS A A —
UV T TORMEE, KRR RBER S AT A%
SHHEH L ¥ — (VDEC) il L7 — A (K) BLown
REETR (BR) oW1 TiThhizb O Th b, RO
BATIZ DT> T, AT Z 72 TRERZFO)IIEF K Hdz
WCHIWRRT RS 2 W nW=, Hbe T, BUVEEs
R
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