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Abstract: In this paper, we aim at detecting blinking and fixation in eye movies, using local features of
corneal image. Bag of Features is one of the algorithms which uses local features. Bag of Features is a method
that transforms an image into histogram of local feature frequency. We use Bag of Features. We transform all
frames in eye movie into histograms and calculate degree of similarities between frames. We use Histogram
Intersection as an index of similarities. To detect blinking and fixation, we determine the threshold value of
Histogram Intersection. On the other hand, we estimate point of gaze by corneal imaging technique to detect
fixation points of gaze. We record eye movies in actual environment and evaluate accuracy of detection. As a
result, it is shown that this method is very useful for blinking detection. For fixation detection, this method
is also useful but next issue is to improve accuracy of detecting fixation.
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Table 1 Information of eye

Tinside Toutside Ccenter phi , tau
1440.0, 628.0 312.0, 660.0 850.3, 558.9 | 0.267 , -0.762
scale leenter long-axis short-axis
12.18 897.31, 417.32 273.04 197.49
rL rLC rC grp
5.6 5.284 7.7 920.71, 394.7

FERE. 72 DAY x BERE, 5 DAEAHY y HERE.

e phi: HRERD EIZKTEHEDMHEERT.

o taw: HRERO EIZEESLHOAEZRT.

o scale: H§H TOREDIRIBD K E X %3 .rLxscalex4
= long-axis £ 74 5.

o leenter: B 4 HDIKEDAL & IR O FRAR D i 0D [ 5 o
D FEFE. BEDIREDIEMI DO LDREEEZ R L TWD. L
DA x FERR, 45 DEAY y FERE.

o long-axis: BEDWIBOERERT /NT A —X.

o short-axis: BEDRFRDEFEE KT NI A —X.

o rL: FEEERORERE 7L TOBED L. BALIE mm.

e 1LC: rLC = /rC? — rL2. EEROIRIKE 7L T DHRER
DHULA & i £ T O R

o rC: EBDOHRERE 7L TOHRERD 2. BALIE mm.

(© 2016 Information Processing Society of Japan

Vol.2016-CVIM-202 No.21
2016/5/12

5 bUIVIUEADES
Fig. 5 An eye image

Histogram Intersection

frame

6 Histogram Intersection D IRfH]Z:H).

Fig. 6 Time series of Histogram Intersection

3.3 BREOKRH

BEHITHEURPKRESHEFTHS. Lizhi> T, BH
D7V —LIEZDHiHED 7 L — L & Bag of Features TfE
MENZ AN T LDRKELS RS, DF Y Histogram
Intersection (Z & > TRO SNZEN/NS KRB EFZ S
N5 ZoZeaRHLTHREZRET .
B NRERMEAED, 2TDOT7 L =413 L 3.2 ETRD
7 HE DR F O & HEE & H R O ALE R 2 F > T
ER5DESIC MY I VI REIZEHAOMED S HIHE
DALE E T, @I EBEOFLD o ENICBE O %2 R T 1
MORZEORITH 5. M 5 DHRAED/NS Lk
EHEEZRLTWD., ZLT, MY IV INAEBIC
X} LU T Bag of Features Z#HL, © A M 7'J LTS
5. DEIZ7 L — AL[E® Histogram Intersection % #t % 3
% .Histogram Intersection Dl THIME % 5% & L, Ml % T
[\l > 7= & At % B H & ¥%E 3 % Histogram Intersection i% 2
DDEBD L AN T T LAMOERODENDEEDTHB720,
MlE% R -7z &0 2 D0MEG%E BETHL] &HE
LTULED & HIBOBETRVWI V- H5ENTLE
5. ZD7HBEE LR -7z E0 2 DOMEGE TBET
W] LHIETEEHFEELRL DF D 2 B EEG TR
iz FE-7z2 iz TlETHZ] LHESNDS.
6 X Histogram Intersection D% K RAMIZF L /-2
7 7 TdH 5. HithliH® Histogram Intersection DAE, HEfli A EE
MThs. ZoGa, HIZXEMEE 0.55 & LGk CH
FnzEED THETHZ) LHEINS.

3.4 HRIROEFEREDOMKRE
BRRDMEH L TV D & EIiE, IRBRO B & 13ig & A L2
SAIEIZKAT 22— 138 AEZD RV, Lizdio



IPSJ SIG Technical Report

Vol.2016-CVIM-202 No.21
2016/5/12

7 FERCTHHALEZYZTITINVAAT
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& 2 WEHIZBIT % Precision,Recall, F RE DR,
Table 2 The result of precision, recall and F-measure for blink-

ing

Threshold | Precision | Recall | F R
avg x 0.8 0.7699 0.6116 | 0.6817
avg x 0.82 0.7521 0.6583 | 0.7021
avg x 0.84 0.7323 0.6993 | 0.7154
avg X 0.86 0.7107 0.7397 | 0.7249
avg X 0.88 0.6886 0.7714 | 0.7276
avg x 0.9 0.6555 0.7948 | 0.7184

HERIZSEENTERZ2T 7. H 11 DFRVWEHETH -
7oA 10 DK S ITHD AT A TIZEHEA DAATZKH
ZRLUTED, ZOXMD Histogram Intersection DA 4
IR L I TWB . T D25 R OFEERD & 5 1IZHE
ZHOCCTHHEYESREEZ RIS 2 H5IETIE, BB ADIA
ATEHEBRTHREHZITO DLW EHEI L. Zhic kD,
FEREIZEBRIZH W2 HEHROE T L — L 80E 28440 7 L — 4
Loz,

4.2 BREOWRH

BEHOMMBMIZEAL T, #5072 T —&XH» 5 Preci-
sion,Recal,F REZ K7, BEH ZHE T 68, K57z
23 43 D HRER MR 424K T D Histogram Intersection D15
B2 RD, FEHEDMENP U ZEE2BEERELEZ. N
&, BT X0 T U — A8, F - RERIME A IR T S EREE
DFB X2 LI XD, 2/KK72 Histogram Intersection O
A D 5728, BRI EEZ RO TIHRE L7z ED
HBRIZIGUZBMEZRELTWS. EROMEREZEK 212
/RY. K 2 & Histogram Intersection DA% Az /- & &
@ Precision,RecalLF REDHOHE ZRLTWE. KFD
Threshold (ZEfEZ KL TH D, ZDHD avg I&—2DHR
R4 2K T D Histogram Intersection DE T 5.avg D
BARB 7B X IR BRI R I & > T ¥4 5. B % Histogram
Intersection D EIIMED 0.88 & L7z & & F REMHRD K
EVWHMEE R LUz, R SIEBHEH 7L — 28 7 L — 4
BOFMERLTVWS. K 3IXEMEE2 F REVPES GWVE
ZRUTZavg x 0.88 L L7- L EDFERZRLT WA
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K3 BEH7 VL8, BRI 7L — L8O, BE avg x 0.88 &
LTWas.
Table 3 Detail of the number of frames of blinking and detec-

tion

ke | JEBRE | A3t
MR 3533 | 1598 5131

TR | 1047 | 22262 | 23309
&FF | 4580 | 23860 | 28440

X 4 [EHIRHEIZEIT 5 Precision,Recall,F RE DFEH.
Table 4 The result of precision, recall and F-measure for fixa-

tion

Threshold | Precision | Recall | F R
avg X 0.82 0.5847 0.8343 | 0.6876
avg x 0.84 0.5908 0.8295 | 0.6901
avg x 0.86 0.5868 0.8107 | 0.6808
avg x 0.88 0.5920 0.7824 | 0.6740
avg x 0.9 0.6027 0.7469 | 0.6671

R5 BFRETLV-LEBRET LV — LB,
Table 5 The details of the number of fixation and detection
=8 | ke | &t
Ho it 11690 8058 19748
AR | 3251 | 5441 | 8692
AEF | 14941 | 13499 | 28440

4.3 EFEREBOKRH

(FRPREZ T 2B, B H 23 5 & & L RBRIZ,
— D DIRBREURE 2K D Histogram Intersection Dl % KD,
T DNEIIEIT B B E DT T fE 2 BIME & 3 E U 7z (R RDIR
HEX ¢ BHEMEIT BEZR 15 7L — LR CHA & EITE
IR LHIET 5.
EEOFEHREZFR 412”87, £ 4 1% Histogram Intersection
DFME % Z X 72 & £ D Precision,Recal,F R E DR % R
LTW5. R5IZEETL—L8 BRE 7L — L8O
ZRLUTWS. BEIL avg x 0.88 £ LTW5.

44 REREREER

12 IZ Intersection DIFHIZE) & BEH L FHREDOIE
fR7 LV —LEME 7 L — %R U7z KO EBIE Histogram
Intersection DRFZE)T, It DERRIIM L 3 5 BRORIE
ZmRUTHED, BIMHEIX Intersection DFFED 0.88 f5& L
TW5. B BB E ORISR, hEE DB E O IEf# T —
RERLUTEY, ED 1 OEFR MM, E7 L —L%RL
TW5. FE EAERREOMIPAER, TETERRED
EffT—X%ERLTVWS,
BEEHOMEIZBE L TX 12 2o EFICHWHE THRIEIT
TWBZEHWHERTE S, (FRREBOBIEIZEL T
M % R 9 Recall DfEITE S HT WA W, EfENEEZRT
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12 Histogram Intersection & WBfH, {8 RO
Fig. 12 Relationship between Histogram Intersection and

blinking or fixation
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