
WiuafKtFň3(ĶķƯĸ×PfIuVeo_IW[`I 
Feasibility Study on Measurement of Tear Volume using Smartphone 
&'  +† � � /> @.†�  � �" 5†�  � !�� ��‡�  � (1 #† 

Yoshiro Okazaki� Tatsuki Takenaga� Taku Miyake� Toshiyuki Okubo� Mamoru Iwabuchi 
�

BA ��	� 
����������ƱěƳƊų�C}2@BbnJH

JFŏŎ%C��Ê5-3C�bnJHJ21C/ī�1

ŖŎŁFí�ƚ!%üa�2C(=�'PƓĔ4Œ�ƮƉ

21*-3C�ŃÄ�żêŃÈ2�3-4Upiuĩħ�

�@6 BUT(Break Up Time)ĸ×1M2@BbnJHJPƓ
ĔFƁ*-3C��ŌŀPčƐ?ĶķPĦſ1MFùƉ/

%C(=�œ2¦ļ�©EA13Łā.ĸ×%CP�Àƾ

.2*(�'!.ƿ�ƈő2bnJHJFĩ�.�C�l

cWSlaouĴ�ƕ;Aa-3C[1,2]�!PĖĴ4Ķķ
ƯF²Ě%CĶķlcWMWPĜł­òFĸ×%C}��

ĢC(=�bnJHJPƮŎëF×Ưő2Ɣ�%C!/�

.�C� 
#�#�!Pƅŷ4ƓÛÙ/34ƵAa(Èă.#��

ň%C}��Ģ13�ÌƫņÉ?øƞPŁā2@*->Ë

ª%CĶķƯF�ƓÛÙÌ2�3->Č5C!/�.�a

R�ŖŞ¬)�.1�ýŹ2/*->ğŒ1þÇ�öAa

C}�Ġó"aC�'!.ġśŢ.4Èă?ěƳ2@A&

ýŹŽƞ�ū�2ĶķFĸ×%C!/Fœő/#�Wiu

afKt2@Cĕ#3ĸ×ĄĴPµźûFĩƑ#(� 

2 A*0 
2.2� ���
����0��4 
xŖřŵ2ĺ:CĶķlcWMW4��ǀPåFïĂ#

-�B�'P�ǀ2ĲèPĨÔŶFĈñ%C/�lcWM

W¨Ė2à"1²ß��ïĂ"aC�lcWSlaouĴ

4�'P²ß�FĉÍĐñ#�ĸ×#(ŴPçF�xP�

ǀưP�Öì(1)2î-4=-�ĶķlcWMWPĜł­ò
r (Tear Menisucus Radius: TMR)Fŧ�%C(Â 1) [3]� 

r=2W(i/t)              (1) 
()# W 4±uOtQƱ�i 4Mln.Đñ%CJlu

VPÆŔĖ»Pç(´�Ů)�t 4Ĉñ%C[uR]aPÆŔ
Ė»PçǉĈ�ŮǊ/%C� 
2.3� ,2$���� 
� õĢP´�ŮF iPhone5s(Apple Inc)P¨ǀMln/#�
Ĉ�ŮF iPad2(Apple Inc)P`IWgqJ/#-ĪŪ#(�
UW_kÌƍFÂ 2 2ŝ%�iPhone5S F iPad ƱƤŤ2z
ǀ_ug.Ã×#�¨ǀMln2³B��(iPrqtX

(#32-011, Edmund Optics)PĿľ�ŷ(24mm)2Ƅ��Fƭŷ
#(�!PŁā. iPad2 PŊǀ2Ő/ǇPŶĭīPªŊF
ĵ#�Ƅ��ƃǀ2²ß#(ĭīFªŊĐñ#(��Õ#

(ªŊ(720p�30fps)4 movfdJp2ËĎ#�ImageJ 1.48
2-ƏĤFƁ*(�±uOtQƱ W4 35mm�JluVç
i 4×ƋPĐñŊ��A pixls F mm 2Ďŧ#(�

(1pixls=0.021mm)Fň3�[uR]aç t4ŐŴPÆŔĖ»

Pç 1.9-96mm /#(�iPhone5S Pmc[Ƣë4 50%�
iPad2 PƢë4ĞÍ/#(�ŴPŠªƧë4 33mm/sec�Š
ªĖ»4w�Ax/#(� 
2.4� ���8�
�2$ 
� iPhone5S FÒ=/%CWiuafKtP¨ǀMlnFň
3(È¸�ŃŁ.4õĢPlcWSlu[ušǆ3Ə�ë

�öAa13�!P(=ĸ×%CŴçFµź1ƵBÍ��

³C}.ŭëFw C}��ĢC/Ÿ5AaC�#�#Ŵ

ç�Í�%�C/ĶķlcWMWP²ßǀ2�B�A&�

ŴçPË«FČ5C}��Ģ1�1C�!P(=�ġĄĴ

2�3-4ƪ¡1ŴçPƒ×�ƮƉ/1C�'!.:&�

ėŚPĜł­òFĊ+TtgpFĸ×#�ġĄĴ.ĩ�µ

ź1ŴçPũÁFƘT(��ƁśŢ@BbnJHJýŹP

TMR 4 0.17-0.314mm��æŹ4 0.3-0.545mm .2C(=
[1,4]�!P�F¼<ǌġPŌ1CĜł­òFĊ+NnWŰ
Ũ(0.145-0.595mm, IntraMARK, BLAUBRAND)FƟĖ»2­
 2M]a#�ǀFĸ×#(�ŐŴ�NnWŨP{ø2Ģ

(ěPŴç(pixls)F ImageJ 2-ĸ×#�ì(1)@BĜł­ò
Fŧ�#(� 
2.5� <?;�
�2$ 
� °©2¹ÿFöAa(ƄǅŹ 32 º(ŉû 22 º,Ñû 12
º)Pĸ×FƁ*(�ƄǅŹPèÅéǈ�ĬĹ�ä4 35�
12 İ�St[PaqtXƅňŹ±6ŖŞĄƂűǅ�2C�
4ƷÌ#(�ĸ×ƫ�4ãxŖřŵ/#(�qtXPƻ2

ƭŷ#( 24mm ¯PWhtV2ãǁFî--ĸ×ƫ�FÃ
×#(�ŴPª�2@BŇ$CŖńPyƸÿƨªFć5C

(=�`IWgqJ2ƒ�(Ã×ľF�ƌ#->A*(�

:(õĢĴ/PıƠP(=ŉÑ·ǋº2Ý#�ġĄĴ2@

Cĸ× 10 ô2ŖŞ¬2@BŰƹĽǃ÷ư (SL130, Mup
^dJW)Fň3-fpiqYJtĦſ2@CĶķlcW
MWǆFĸ×#(�ġśŢ4èĂ 27 éëģ�ÍÖ�ŅÜ
ħÞƲÓ¾�PąƖFö-ƁEa((Üħŋ¶ 15-4)� 

3A9- 
3.1.� ���8�2$ 
� iPad2 .ƃŝ#(Ŵç/ iPhone5S .Đñ#(NnW�Ũ
2ĚCŴç/Pƴ�FÂ 3 2ŝ%�ƃŝŴçPÊÍ2õ3

Â 	
 �ĸ×UW_kP

Ìƍ�

†ģ�ÍÖ�ŤŞÖĆƂśŢYt[u 

‡ţáŕ~ōƶŖŞ 

Â ��lcWSlaou

P�ƝÂ�

FIT2015（第 14 回情報科学技術フォーラム）

Copyright © 2015 by Information Processing Society of Japan and
The Institute of Electronics, Information and Communication Engineers
All rights reserved.

 389

G-010

第2分冊



NnWŨ��PŴç�Í��1C��v×PÏ"Fƛ5C

/Ǆ½%C�!a4ƃŝŴç�NnW�ƫ²ßǀPĞÍç

FƜ5((=/Ÿ5AaC�Ĝł­ò 0.145mm2�3-4
iPad PŴç� 38.5mm �w.Ǆ½%C!/�A�!PNn
WŨ.äŌFĩ�.�CĞÍPŴç4 38.5mm .2C/Ÿ
5(�Ĝł­ò�à"3ě�Ŵç�Í�38Mĩ�Āë�

w�C(=�ġĩƑ.4ƃŝŴçF 38.5mm /ƒ×#(�
1�Ĝł­ò 0.32mm PŴç��Pċª/Ō1CP4�N
nWF­ 2M]a#(ƺ2Ň$(NnWŬ���2�ŗ

#Ŋ�Hu\fdPa�Ň$((=/Ÿ5AaC�ƃŝŴ

ç 38.5mm 2�3-·TJXPNnWŨ�Aĸ×#(�F
ì(1)2î-4=-ŧ�#(Ĝł­ò/�ØƺPNnWŨP
Ĝł­ò/Pŕƴ�ēFƘT(Ųĥ�R2=0.98 /ǆ3ŕƴ
�öAa(� 

 
3.2.� ��7��=6 
� iPhone5S 2@BöAa(xŖřŵPĉÍŊ�Pv�FÂ
4 2ŝ%�ĶķlcWMW2ĚCŐŴ�Ŋǀx�Aw2ª
�{.�ĶķƃǀP{Ðƫ2Ģ([JjtQF�ƫ{Ðƫ

/;1#�'PěPŐŴPãŤPŴçFĸ×#(�ĸ×�

FŅƙì2î-4=(Ųĥ�ƄǅŹP TMR PèÅ�4
0.281mm�ǉSD 0.081�range 0.15410.528mm; n=32Ǌ.2
*(�éǈ±6û¤2@C TMR PƩ34ƊAa1�*(� 
į2ġĄĴ2@B TMR Fĸ×#(ŉû (39 İ�

TMR=0.263mm(SD 0.001))�Ñû(30İ�TMR=0.328mm (SD 
0.013))PĶķlcWMWǆFĸ×#(Ųĥ�ŉû 0.13mm 
(SD 0.046)�Ñû 0.28mm (SD 0.076).2*(� 
ĝ2�ľŖ¨ôPĶķƯPË«Fĸ×.�C�ƘTC(

=2��âĶķ(ZfaTt_IH,°ÎƆƀ)FǋĻľŖ#�
'Pôǌ Ƴĸ×FƁ*(ŲĥFÂ 5 2ŝ%ǉŉû 39

İǊ�ľŖŔô2ů 1.6mm :.ÊÍ#( TMR 4ů 230 ş
ô2 0.5mm:.�x#�'Pô89v×/1*(� 

� 3A:% 
� � ġĄĴ4õĢĴ/Ʃ3�ĶķlcWMWw.ª�ŴF

ƏĤ%C�ŴFª�%ťvP¥ľ/#-�Ŵ�ĶķƃǀP

�ƫ{Ðƫ2ĢC[JjtQFū�2£¤.�Cľ�ċ 

AaC��ǀ2²ß%CŐŴPŴç4�ŐŴ��ƫ{Ð2

ƥ,�2+aÍ��1B{Ðƫ.ĞÍ�F³C/Ÿ5Aa

C�ŴçFěŮ¢.gr]a#'PĞÍ�Fĸ×%aRŽ

ªő2�ƫ{ÐƫPŴçFĸ×.�C�įP¥ľ/#-�

ĶķlcWMW/ƎŲŻ/PƣƬŴ�ĘŘ21Cľ�ċ 

AaC�ƎŻƃǀ4�ǀ�ĶķlcWMWƃǀ4�ǀïŁ

F#-3C(=�ŴPŠªĖ»�Ʀ»�/1C�!P(=�

·ǀ�č%CƣƬŴw2�3-ŐŴ�Ƽ¸(>#�4ƽĒ)
%CīÔ�ĘŘ2ƍÛ.�C�'PŲĥ�õĢĴ.4ƾ#

�*(�ƫwŤP�ŷ�ĘŜ/1B�ĶķlcWMWǆ"

>Úę2ĸ×.�C@421Cµźû�2C�ĝ2�ŐŴ

FƇē¿ĸ×%C!/2@B®¿2ıT-ŭë�»w%C

/34¥ľ>2C�()#`dJWP�ŷĳ=�ƾ#3Ŧ

Pĸ×wPƗǂ>2B��ôđž�ùƉ.2C� 

4A�	
 	 
� ġśŢ.4�lcWSlaoĴFWiuafKt2úň

%C}.ū�2ĶķlcWMWPĜł­òFĸ×.�Cµ

źûFŝ#(�ġĩƑ.4Ĉ�ŮF iPad2 P`IWgqJ�
´�ŮF iPhone5S P¨ǀMln/#(���ô4Ĉ�Ů
/´�ŮF¹$WiuafKt2ďơ#�ī�1ņÉx.

PĶķƯPË«FƘTC|×.2C� 

�:)3 
[1] Yokoi N, Bron A, Tiffany J, Brown N, Hsuan J, Fowler C. 
Reflective meniscometry: a non-invasive method to measure tear 
meniscus curvature. Br J Ophthalmol 1999;83: 92-7 
[2] Bandlitz S, Purslow S, Murphy PJ, Pult H, Bron A. A New 
Portable Digital Meniscometer. Optometry and Vision Science 
2014; 91: e1-8. 
[3] Į�§ð� lcWSlaou/e`ilcWSlao
u�ĕ#3ŖŞ vol.17, No.1, 2000 
[4] Mainstone JC, Bruce AS, Golding TR. Tear meniscus 
measurement in the diagnosis of dry eye. Curr Eye Res 1996;15: 
653-61. 

   

Â ��Ō1CTJXPNnWŨ2��C�


��� ƃŝŴç2Ý%Cĸ×Ųĥ�

Â ��ġĄĴ2@BöAa(Ŋ�P��

Â ��ľŖ¨ôP 
�	 Pċª�

FIT2015（第 14 回情報科学技術フォーラム）

Copyright © 2015 by Information Processing Society of Japan and
The Institute of Electronics, Information and Communication Engineers
All rights reserved.

 390

第2分冊


