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Responses

Hiroyasu UJIKE* and Mitsuo IKEDA**

Department of Information Processing, Tokyo Institute of Technology Graduate School, 4259,

Nagatsuta, Midori-ku, Yokohama 226

The microfluctuations of accommodation (MA) has long been discussed as to if it has a role
in human accommodative system ; however, it is still uncertain because the literature have
discussed the role on the basis of the basic characteristics of MA, but not on the basis of the
observations of the accommodative responses with and without MA. To examine the effects
of MA, especially the high frequency component (HFC) of MA, on maintaining accom-
modative responses, we compared (i) the maximum responses and also (ii) the time delays
of accommodation to accommodative bias in two conditions: one in which the accom-
modative loop was opened (condition OL), and the other in which the accommodative loop
was opened except in the frequency range of HFC (condition AM). Both the conditions were
made by using the apparatus the authors have reported. The accommodative bias were
sinusoidal change of target position with four different amplitudes : 0.08, 0.15, 0.25 and 0.40 D.
The results of both the maximum responses and the time delays of accommodation indicates
that there is no significant effects of MA on maintaining accommodative responses, thus,
suggesting that there is no important role of MA for accommodative responses.
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(i) Accommodative bias

(i) Accommodative
response

(iii) Change of
target position

time

Fig.1. Schematic diagram of (i) the accom-
modative bias, (ii) expected accommodative
response to the bias and (iii) the change of the target
position.
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2 deg
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Fig. 2. Landolt C, lying between two acute angles, as
a target used.
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Fig.3. Examples of the change of the target position (Ps), accommodative response to the
target (Pr) and the difference between them (Pd) in condition OL (a), and condition AM (b).
The target was just stationary before 2 s shown with the broken line on the figure. Amplitude
of the accommodative bias, in this examples, was 0.40 D.
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Fig. 4. Averaged accommodation responses and its
standard deviations with 16 trials (a), and with the
selected trials which were judged to have HFC of
microfluctuations of accommodation (b). They are
shown for each condition and for each amplitude of
accommodative bias. See the detailed in text.

@ ®)

50
Amp. =008D Amp. =0.08D Amp. = 0.08D Amp =0.08D
Py iy e ook
25
K N
50 012345670123456
Amp. =0.15D Amp. =0.15D
el P
E 25
Q
=)
2
% 50
et
$ e i i oo i
£ 25

0123456701234567

5.0
Amp. =040D Amp, =0400
condiion AM condition OL
2.5

0123456701234567
Frequency (Hz)

Fig.5. Power spectrum averaged with 16 trials (a),
and with the selected trials which were judged to have
HFC of microfluctuations of accommodation (b).
They are shown for each condition and for each
amplitude of accommodative bias. See the detailed in
text.

110 (36)

s s EERL, KARORMERS % 1D £ 15,

(@)1 4 D D3 A 7 A FHEHIE O IRIE D 16 BT D F
BT, (b)id N 7 AFRERIBOMRIF0.08D £ 0.25D
WDOWTEMSGO 32 BATRINZ 72 88 fTD > B, KiF
FEDARY b VIZHBEIFAE O HFC DRSS WELET % &
Bbhi: b OOV THD, FHEINLETHIZOL &
T 21 (0.08D) & 22 (0.25D), AM %&#4T23 (0.08
D) £20 (0.25D) THo7z. HIZRLERNC OL 4fF,
AHENC AM F&fF035, IRIEEO/NSWHIZ EhoR&h
TWwd, TNENDOWEE TR £ &2 DR
B BIEHEIRE LRI TE D, FLOEBFEY
WL TETOWESIRERETDH S, 2ENZEAIR
Fig 1RL7zb D EFEBRTHY, READILET 2RI
INA T AFHETRIBROIRIEIC & b o THEML T w3, %
TeoNA 7 AGRERM O (BFFZ13s) » 5 FAfio
b ERD EFTIKHN1s THEDIIHL, FAEHORAM
84 7 A FAEIRIE O P ORI 5.5 L —BL, &5
WHHETZEAL R — B I HE B E K ONA T AFREHIEHHE
TI2ER8.0s EIFE—HLTWw3s, ZhizOL,
AM OZMHFIZ & 5 FTIRIZFAHETH 5,

%72 Fig. 4 OfERICHIET 25T TCOARART M VF
¥k Fig 5 R d., IHbHEHREFMIcOoWTDH D
ThH B, D2 AOWERETHRRIIZZEFETH-
oo 797 TIEIRTDARZ " TIHZ U Tic kK&
BRAMAH SN DD, THIENA T AR D 0.2
Hzick2b0ThH2, OHEHTIIVTRD ZDER
WORD DA H BN, 2HzEBD HFC DRESE A
shiswv, —H, AM &0 (a) Tk HFC OE 3 3
LT3R, E—73bE VB TIEAE Y, Zhid,
HFC OWMBNERE %3 L b BRATICHA R P> e o
LEbh3, Zhiextl, AM&HED (b) T2 Hz £
D HFC OSSR E — 7 8Ahohs, 2 TH
HZLOER ORI T, @O X35 2L OEETD
FTRTCOBTO—EFIRERICIZ, B)D LS4
7 AFHETRIB OIRIESS 0.08D £ 0.25D Db DIZOWVT
MEFRE 2 &0 L BN EITOADER-ERIZOWT
HiT-o 72,

HEEOMERD > B, /N4 7 ATERIEOIRIR 2
THRMOBKIGE R L HEELDBL L %, £X4Fig.
6 & Fig. 7 LIIRT. I ZCHRAEORAGERL, 3T
BtEI» 584 7 AZALBIR & T D 3 s OO FE Oy
B 2 WD EL LT FATORKOGERE L L,
7 PEEAL DB L, A T AEACBRR LT
B3] TRARIGER DS ORICET 2 £ TORH &

ot #F



Uz, BN A 7 ARETRIBORIE 2R L, e
HIOBAINER (Fig. 6) - 3HFHELOEN (Fig.
) BERT. % (a) ik 16 BT OFHEF IOV TO b
DTIANDHEBRETFH LT3, £72(b)id Fig. 4 &
FRR MBS 2 50 &£ BB ITO A OFHEBO
bOTHREZ RS TwE, WwFhbHEME
AM &0 b0, HUAIR OLEZHEDHDTH 5.

Fig.6 056 Fhh»sd 2 Lid, Figd Thaohlk
S ICREIOBRRINE RN 7 A RERIBOIRIFIC & b
BoTHEMLTWAZETHS, ZLT(@QIEDVWTH
%Y, OLEME AM&H L CHERIEZA SRR
v, —H, BIZDWTiZ, /N4 7 A FERIE O IRIEL
0.25D D& XD H AM £HFTOHBFHHOZAIGE
BN &pod, HEHWRETEHM & YN e Tl
BEREND oD, KT TR o7z (HM:3.75>¢
(40,0.01) ; YN : 3.31>£(38,0.01) ; KT : 1.25< ¢ (43,
0.05). UEXY, FAHMOBAICERDETIE, MEH
HiDSTHEER Ic B 55 2 L OB SRR E S Wik o
Tz RRL, BCBNEEEEIC O W TR CHREST
3,

%7z Fig. 7(a) Tl N4 7 A FETRIE O HRIE 2384003
BDIEDRVAHELOBRINS WEDLS 1.4
PFITPERL T3, N4 7 AZED/NE V0IE EBANE
WEWI EREFWTH B, Fig d 2HThhrb L
WA T ABAEDINE WIS, FEOZEBD LRRE
THRERIMBNZ 2 5ol T EMHEL TV 5 EE 2
52, ERRICEHEBRETNA 7 AENNEVwEED
BRLOMERE»RY EE > TWwie, F72 0L &4 AM
Sff L CHERERE A SN oz, Lizd> T, #
HZALDOBNKHE O 8T, MBI OFEHER C T 2
BEIRENR Do T2,

4. # =

WENFREI SRR TS T 208 b EFAND HIL
ELT, BUNTRER R SASRS OMEZE T 5 58
HIRIGOKRE S PREERADEERBEL Z L EHT
bbb, BELS, IhoZHEYRESRSYE 2RI
D OB TIERRRERIE» E D P OFEE R 255
ThH5,

WEFLH TR FE T2 LIREL T, Z DR
BhWCHEELEZ 2L 0IBEZHEIRDEIBHDTH
% (Fig. 8). BICHEEIZFRME, #HedhidAat iy e A E 2L
T35, WERIBMEBORELIC L > TRy BT OEST
NBECIET 5, (a) D & 5 WCHTHAZE L2 T,

25 %25 (1996)

(a) 05
5 condition
@ 04 |[TO— A
3 —0— oL
s
E o3}
c
2
&
3 o2}
E
g
g 0.1 |
0.0 ' L L L
00 01 02 03 04 05
Bias Amplitude (D)
(b) o _
subject HM subject KT subject YN
a 0.3
g
&
. 02
5
< o041
L ) L 1 ) L

0.0 L 1 )
0.0 0.1 0.2 0.3 0.0 0.1 0.2 03 00 0.1 02 03

Bias Amplitude (D)
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square). (a) for the data averaged with 16 trials and
three subjects, and (b) for the data averaged with the
selected trials which were judged to have HFC of
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Fig.8. Detecting blur with microfluctuations of
accommodation. The small change of target position
within depth of focus can be detected with the
microfluctuations (b), but not without them (a).
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Fig.9. Modulation transfer as a function of defocus.
As a result of microfluctuations of accommodation,
the change of modulation transfer (or contrast of a
frequency component) occurs with its amplitude
depending on the inclination of the function.
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