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Abstract

In the paper, in order to get the characteristics of the saccadic and the smooth pursuit
movements of the oculomotor systems, a revised stochastic sampled data model suggested
by Young et. al. was simulated and analyzed by using the MIMIC language.

The results are summerized as follows;

(1) The predictability to the sinusoidal inputs increased as the input frequency increas-
ed, but at the frequency of 1.0[Hz] the prediction started to decrease.

(2) The responses of the system drifted when the system was open-looped.

(8) The responses showed the transient state during the first period of the input waves,

and then moved into the steady state.

1. M 2
ARA 2 FFARACA gt A E &) B
T Aoz gHx .

o] A AAY A5 TEEA st A

Dodgex A-go= T35 EE EFx 4
Balgden 53], <&TEFAAY wWE HAAHsE
Saccadic¢Feleta 95 gt

Westheimer® 7549 d&y A 2AF
Ay 24 2dg AAsgda, AZE HAAGH
vk Saccadic §5tell WA Ao] veld& FAAstm
A& AF vlely Alzulolgln 34t

Fenders} Nye: o T-E54d H& Aol o] &L
Hgate gT&F mdl-g TG

3, Young Alz=lo] B¢ AAAojdd LA
Saccadic ¢+ F4F i< A stgded, = F Yo-
ung3 Starke] ¢3) Saccadic <+TF-¢%E3} Smooth

*EFE : RETRHEMASE BEH HEHm

HEGR A TK BEISH 88 - 18
B2 U 19814 58 6H

Pursuit ¢t $%5-& Al 2T A F vloje] 2l
+ AA ags.®

Dallose} Jones: #8352
+ Fozg Axd Ay of 5
+ A=t

Robinsonsll ¢js Pursuit A] 282 HZ o]y A
Z5lolelr] Bk & dlole] AzulolztE: YAl
g}

232 Youngy Forsters} Van HoutteE 2 2%
Mol AF dole] 2l-¢ A s stgeh.®

E3, Sugier FAH At AF wlojy e
Bt AR ALE ZFE dEZA 71 E AA sz Smo-
oth Pursuit$-59 Fsi5 24§ gk ” wei4

Agstel 245 94
w3 A4R4E AT

AFNA AR TLES BUEE BAsa 2
Bel AT LB K4S FHHD TAHE AL WS
2

4
Haog deletz AAsin.

agag, £ oFd4E Youngst Ferstersd Van
Houttese] Aiqtst AR BExel AF vlole] T
& MIMIColelz AEsleldsia ¢TE549 949
o Ag FHEEY 544 2AR AL 2zdszA

et

(291)



H
2,
ol
o
e
1t
I

\_;\

32 Vessiuszl Rashbass

Helsl xe oy

TEBEE $30% #H 5% 19814 55

T Saccadic = &2, Pursuit £% w3l 2lo]9
AT E871(F 0.2sec)o] e}, =1y °F“T“7¥ ol

secgtdl old Saccadic =

19 FA%E AR A zlr,er ‘Z{‘:}ﬁ“

A4 ok,

|
0.2

] srskebd W
dA etz

NI P P Qe T 2 A /‘1’5% T 2 98E Fo48 25 ")
1 $la wisle] steb, dwle) A AE AET AEY FA(D g Ureln 2
2 & A T F ARt Spo] <A AL Al (@skE IR AN o5 AE o]
T AEE AlER 14 gaged  OE AR
A AT dTE QS ey mEl of &obw et NS 4T 24 gl g
' AT e g 9A o Fgel s, sk kel 2Hidgeln, T F2e Pursuit A
Aze G50 I3 4 gE stygda o 5} 2 HEd 47 T S5 A Kol
3-89 e el A dH 328 2 7 Pursuit 2ol = 209 A7 o] gl==, 2ula
Tl #& 2 E5t. E5, Smooth Pursuit 4] 22 3 A7l Pursuitd %¢] £d 489 =& Saccadic
HE Saccadic 42012 Ay o s e, w1} =g vebdi: 28 458 w2 gk S
= HZ FAAE ARty TR A ny webdiz, FuA 20l %E Pursuity] £zt 25~30
TlEh Al S5 E 4 de g geld e a [seclddd wdEE A8 v £
3 EAS IR AT 4RS 9854 gE 1
§ T4 ez g 2.2 28X ME oo[g mye
ol gzt el 4F Felr 2 AsA Qg2 ) I & viole 2 AE plele] zwe) »
22 sbestAl Hdeh 2 Lo bt zaea 4 ik =) 2 smooth pursuit -$5e] o 4rael
EA()sr AAY THA () Aele]l o5 (e) i u) W o Eme] ol
TelA A&k oHg o= g Ey SaccadicerT

T 9”2 245 (M4

" Target Retina
) Angle f‘_).;-m Error &e]

P (_“ r—h"‘é Saccadic’

Error rate L Pursuit
astimate Limiter saturation p

=
A 54 = 24 ZH5% Saccadic

Disturbance

F71 7+ Youngé £l HE vlole]l w4
45 AEH v, o)

Muscie and aye
Dead zone  Computing dynamicsy

w 2

@37 | position correction “‘,J Command o
r-—,J] e o/ ;Ei

[T=1

Eye angle

521-2 §wy 51mn2

ursuit velocity
joe-sT !—-.Eg-—y ~ coirection ol L
- —
|

@)

O3 1. AE vely =y
Fig. 1. Sampled Data Model

(292 )

FEAE SrAlet



MIMIC =296 9% ¢4 %A

PURSUIT CONTROL

— 51 —

s D'Z;;L‘; e e"TZ

SACCADIC CONTROL

| tve ovmamics eve
‘ Pl s "*/L @E 0 POSioN
[ NS B | ;s’.'z i ; o
| A s € TN s e
1 |
|
¥ 2. 84 dEselHzd
Fig. 2. A Stochastic Sampled data model
71 fisked, w4 Az Addabg Fela, Pursuit &7 8) g £=0.7
TE A e dSHoR wEdEs 3544 9) ZfF Fst W.=120rad/sec
28 2= B8 AY velel =l vehd Aolrt AEYFAAANA o] o7t BEHoz HgE gelArk
Pursuitel M"% 91°M ABPAE Q44 zZ2og 994 r=200msecz A ok

&—E.—;& debd e 948
19 A9 H L& 48

.S_Z:::I'a— %—3}?‘&4. AF %3
el 28 Fistn A A

R kin B B e A o
o35+t

7 Y5 E o7 Saccadicgt ¢4 o A ul #2=
o}

B ) o] A %2 Rashbass®] A3} =, Pursuit 4
2" 3 Saccadic Al A=e] B Aelw] Pursuit Al &
e AxLzd gzsicle R 453+ =
£8& Pursuit A28l dExoletn F3ste

“binson¢] A= 4= gteh.
3. AlgsiolM

3.1 MIMIC 00 2|8 AE#0|E

Youngs} Forster$: Van Houtte%e] W E3l &
el AE vely 24 A3t MIMICslol = 4

“Esle]l & kv

L AT E 2dd A5 Y AFE 22
AFgshg |

1) Saccadic $%¢Aq Az =0. 15sec

2) Pursuit Sxld Ak T,=0.134sec

3) Pursuit ARG A7k Te=0.04sec

4) &7+ 0,=0. 3°

5) =3} d,=30°/sec

6) Ak =100°/sec

7 AEY FA z=0. 2sec

MIMIC Programe] vt&alejmet vleril 2 sl =8
P g Asl A4 29 5 ‘ili“% E5 A
ooy sadtste Tl & U E S Feel 4
B Qe EA & 4 9 sEe) MIMIC =229
4+ A3

ol skzte] 7+ £3¢ MIMIC 41 &
MIC 2229 & HEHH (35 #42).
AEste A W E 5°9110°, 27HA =

B e shed MI-
SECIEERS
cETES

W4k Fpad Jdste F719 54 =9 (Running
Time)¥ 3P 2 Fstx Fapert ddw =tel ko)
W E B0

A8 =24 TR YR el A shgeh.

A5 & Smooth Pursuit $%=k-& =337 Hsid

HTE ez AFSL=zen 22E T4 43

I, B Smooth Pursuit %3 Saccodic £%¢
Tl 27 fske ARl Q& B = ASAE 4
gatgrt. (¥ 3 ¢=)

EHE Helr e
imer#] t}o]i] ) A2} Robinsons)
% 99 A4

Fst4= 0.4[Hz]~2[Hz] 1812 Assigdr 0.4
(Hz)9 #Aste] 2% 2d 4-15 4-24% JepA e

ol A& FUstd AFHE skl Aol 1Y 4-3
olx, =l =EeY FEAE ekl Aol ¥ 4-40]
T},

2dld Vel gl Westhe-
EHE colira

(293)



592 —

PURSUIT CONTROL

AREAL H0E 55 19814 51

. EYE DYNANVIKCS
—] 8 LI N iy Ge
St & s T3S +1 sr+afu,s v aF
TARGET EYE
POSITION FosfTioN
a8l 3. A FF= A2y
Fig. 3. Open-loop system
.25 -
\
|
1.0t \\
(%ﬁ o o } \\\ T
.§ / \ \\ INPUT Té 3 \ \
z \ A - :
e : \ § N \
E { \ £
3 1 \\ 2 3 ¢ e 5 I \
\ s | \‘\
=1 ) ‘ xxxECbSed - Loop
lDe;’I l TotiOpen - Loop \
10
/\ puTRUT o °4 05 1o 1.5 PRYGL]
/ \ / Freguency
o A .
LN 3 4 «_/ s a3 4-3. A Za) T4
e ti
e Fig. 4-3. Amplitude Ratio Curve
-1 (Degii’
a8 41 A Re=, Fsbd=0.4[Hz] 2o
Fig. 4-1. Open-loop, Frequency=0.4 (Hz)
ﬂzeg] %
g NPUT S2a /
3
= 0O + + + g I ] =
1 EERANCZAEE /
- a
-5 101 /
xxx:Closed - Loon
vae: —LOOp
AT L -,
o 0405 1.0 15 20{3
Frequency
/‘,;{Sec]
4 a2 44, == =E A&7 FA
—WESTHEIMER Fig. 4-4. Drift Slope Curve
--- ROBINSON
B oobFul oA FEE xkA XAk kg Fabgl

a8 4-2. g F =, F4 =0.4[Hz]
Fig. 4-2. Closed-loop, Frequency=0.4(Hz3
3.2 g
) H o] W& A
2% 4-18 A& o =
o, JF-=2 el obFu ARt gl el Eel AF
et FEEHe se=zel A Aol
o] 23k & 4r-e Fenderst Young® AfAzst &

LRGP, 2] 5 gxre] T ZEE stm, Ry

A g & welrtn o8 4-194 &

de A&

0.4[Hz]ed =8 2 &xtalA e dF4E £+ 3
thooo] ®AL Al x5 slFo] Hute]s] AEe A

29 42 WPl P 2 AAE AFelel AT
A5he ki F3 g
o =l $9e WD FAZ S22y

LA RE w7 o) Fo HFo

(294)



MIMIC =2aed g Sobx] =4

dmEct g4 A2 deideh(ad 44 #2). 23
413 29 4204 LTEEFE AL AAL S
F4T A4 B4l LQAREE ¢+ 9

2wle] Westheimers] gl E #-32ui4 Robinsond]
EGE ol 22 ulelq nwl AR $5E
ehd Rl

4. 3 2

T ¢4 &5 54& MIMIC ==o9
Azt Bg3 2
Faest F/HERA S
Zsls] l[Hz Io ol2d «l&4e] Fastr] A
# 2} 3]

m},
sl Fos BT 45 AFAE

aw

DA Al 2 A2
4= Aades SAT AL SHAT ETe
235 o AE A Rob o Ee
o BEE $%e Sdl=E s
SELERERIELELE
A Fol 344 =gt

Zrdsh

e HdEERE

2 % = M

1. 3&d, 039 Saccade st T-&3A =gt FuA
g 54, dAd%a 4894, AT =E, 1975

2. Bach-Y-Rita, P. Collins, C.C. and Hyde, J.E;
The control of Eye Movements, Academic Pr-
ess, New York, 1971

8. Fender, D.H.; The Eye-Movements Control
System: Evolution of a Model,Neural Theory
and Modeling (Proc. Ojai Symp.), Reiss.,, R.F.
Ed. Stanford, Calif.: Stanford University Press,
1962.

4. Fender, D.H.; Control Mechanism of the Eye,
Sci. Am., pp.24~33, 1964.

5. Rashbass, C.; “The Relationship between Sacc-
adic and Smooth Tracking Eye Movement,” J.
Physiol., pp.326~338, 1961.

6. Stark, L., Vossius, G., Young, L.R.; “Predict-

ive contral of Eye Movements”, IRE Trans. on

Human Factors in Electronics, Vol. HFE-3,
pp. 52~57, 1962.

7. Sugie, N,; “A DMoedel of Predictive Control in
Visual Target Tracking”, IEEE Trans. on Sy-
stems, Man, and Cybernstics, Vol. SMC-1, No.
1, pp.2~7, 1671

8. Young, L.R., Forster, J.D.,, and Van Houtte,
N.; “A Revised Stochastic Sampled-Data Model
for Eye Trocking Movements”, Fourth Ann-
ual NASA University Conference on Manual
Contrel, NASA SP-192, 1968.

9. Young, L.R,, Stark, L.; “Variable Feedback Ex-
periments Testing a Sampled-Data Model for

IEEE Trans, on

HFE-4,

Eye Tracking Movements”,
Human Factors in Electronics Vol.

pp- 38~51, 1963.

M sk

1. Pursuit Control Path
1) w37 (Differentiator)
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104~ ; 1L D0 = ADD{D, Ee Ba)

3) Pursuit =1 (Delay)

1DX2—| e™5"* |-1DXD 1DXD=
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T, 3)
4) Pursuit A+~ {Integrator)

1DXD~| & |»XD XD=INT (IDXD, 0.)
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1

S
4) Saccadic A} 7+« (Delay)

XSZ— —XZ XZ=INT(XSZ, O.)

XZ->} e ST |-»XZD XZD=TDL(XZ, T,4.)

T the]lin] & (Eye dynamics)
4 ofsiel o] WYY & A MIMIC La”
nguage® ]9 o}

1245,. - S+1)

1
0;n(S)=6(S) - (*WSH-

1 e,
=z 0ty 040

b= (0;,.——2C—9—0)W,.2

Wa
6=s6
6=[0

XIN W, X
N SES T A A

2DX=(XIN—(2. %kE TA%
1DX/W,) - X) %W kW,
1DX=INT(2DX, O.)
X=INT(1DX, 0.

( 296 )



