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Study of Time Resolution in Laser Speckle Flowgraphy
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The speckle flowgraphy (LSFG) has been developed to visualize the blood circulation of human
retina, in real-time as animated 2-D maps. To increase the time resolution of the blood flow
variation, we introduce a new way of evaluation for the speckle contrast, and compare the results
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with those of the SBR (Squared Blur Rate) currently used in the LSFG system.
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Fig.1 Schematic diagram of LSFG system for ophthal-
mology.
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Fig. 2 Combinations of pixels for MBR analysis.
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Fig.3 SBR vs. the velocity of moving ground-glass plate
in the object plane of the retinal camera. Frame numbers
in the analysis speckle images are, 4(#), (M), 16(a), 32
() and 64 (*).
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Fig. 4 MBR vs. the velocity of moving ground-glass plate
in the object plane of the retinal camera. Frame numbers
in the analysis speckle images are, 4(#), 8(H), 16(a), 32
(~) and 64 ().
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Fig.5 Comparison of blood flow maps indicated by SBR with those by MBR for human optic nerve head. The numbers of
speckle images taken for the analyses vary from 4 frames to 64 frames.
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Fig. 6 Time variations of blood flow in SBR maps. The numbers of speckle images are 8 frames (a), 16 frames (b), 32 frames

(c) and 64 frames (d).

iZRd. Fig. 5(a), (b) Z#h 24 SBR, MBRE®D I
ey 7T, MO LEICEWTH 28T, vy 72T
2EEONHEEEKERL TV, EboDFHEEICE W
TH, BFEEESNES CON T~y 7WIZ /4 AT
b B EWH SN, M R TER T 5 2 Lo NEE I
S>Tw3, £ MBRED~ Y 7 TIiE 16 BEAT LD,
SBRED~ Y 7 TiE 32 BWHEHLAT LD /A AFELIT U
», MBREDY Y 7DIE > BNV B WEHEE TH /A X
DYy TEEDL Z EDERTE 5,
3.3 MEnEEEZE/L

RZMFR~ v 7HO b 2 5EEk I B 1T 2 MO REREZ AL
D, FATAERE AT Z L 2 ED K D REEEZIT S

42 (42)

7%, SBRE & MBRE®D # h ZhicDw Tz,
Fig. 6 12 SBR f#, Fig. 7 13 MBR {EDREEZ1L & fFHr L
TRERO—BITH S, AT —FROHIE, S 0.4 B
Ay 7 OVIETE & BRI, BN & 2RO H B3 D
SR P2 T2 b DR L T 5, ABEEEHSD 2 IF
CRISEES A EL, AR IBHEshs Xk
208, KIAY > 7NV OB & o THROZEA L D H
A RBDOPRBIBTERLE>TLES., SBRIEICEB W
T3 16 HE, MBREIZ 3 T 8 [ o 4L HE
BrmEhdnE, /A4 X083 %<, MRORRZEL
LB TE DT, SHOERRTERELFZ S5,

e



8Frame

5 4~\,¢~/*VVW“WW\“

T

0 0.1 0.2

Time [s]

(a)

0.3

32Frame

0.4

MBR [AU]

5 4—/—/““—\,

0.2
Time [s]

(c)

0.3

Fig. 7
(c) and 64 frames (d).

4. ¥ & ®
Rl ERE 2 M LS 2 BN T, Ay 7 VDZERN %
Y7 A MEENGEWL MBREEFRE L, Z ORI
WOWTERIRE 21T-o 72, B0 &5 BERE Oz % Huv
32T, IS ARSIV 2 T2, BE
%mﬁmﬁib%%%ﬁﬁmwﬁw@%m&mmvvf
RO ND 2L EER LT, RS ERED SBR I HA~
TWLT%Z&ﬁb@ot.MBR@%%&%%K%m%
W, A A=Y —OZHHEE, Ay 7V A X,
Ay 7 MEE OB & B O fe &R F I A
NIRRT EF 2 515, MBRfE% v 2 F) 50,
A W ECC SBR B & 2 KT & RIS OFE RS E S I
52T, HEDE Y =10 bERELY — b OB O
CCD (charge coupled device) # X7 %, LSFG ¥ A 7
LCHIES ZATREMED T & e,

X [
) R, NEER, RASRE, TRRE Y - -
v 7 VERIC X B IRIERME", H7z o LWIREL, 13 (1996)
957-961.

) UNVHIERS, RIAGRVE, BE Y Ty A A 1/—+}=‘_7

0—2777 4 =B 2 IMEFHE O, HEORY,
6 (1995) 74-78.
%ﬁ =, ANEERT D v —Y— 2y 7V EFIF L7 IR

04

MBR [AU]

16Frame

M

0.2
Time [s]

(b)

0.1 03 04

64Frame

Time variations of blood flow in MBR maps. The numbers of speckle images are 8 frames (a),

5)

9)

10)

11)

0.1 0.2

Time [s]

(d)

03 0.4

16 frames (b), 32 frames

SARORHEAL”, IS, 66 (1997) 476-480.

ANVETE R, TS, WEAR, R S “LSFG s
281 LW IR k7, SHEORKE, 20 (1999) 34-39.
Y. Tamaki, M. Araie, K. Tomita, M. Nagahara, T.
Tomidokoro and H. Fujii: “Real-time measurement of
human optic nerve head and choroid circulation using the
laser speckle phenomenon,” Jpn. J. Ophthalmol., 41 (1997)
49-54.

1, RIEEEA, &5, NEES, EE S
Eu—)VERIZ X 5 AR TOIE & %7Kﬁﬂ)ﬁ@£ﬁﬂ(ﬁ@ﬁﬂi"
HAHR Rl 25 99 (1995) 435-439.

T. Sugiyama, T. Utsumi, I. Azuma and H. Fujii: “Measure-
ment of optic nerve head circulation: Comparison of laser
speckle and hydrogen clearance methods,” Jpn. J. Ophthal-
mol., 40 (1996) 339-343.

%%J‘J’TT—'?E)], ARG, WD, BE T, NEER Y
— Y= ANy TN T U= T T 4 —IZ X BIRGEEEREE,
HARE=HEEE, 101 (1997) 684-691.

BEEPITHE, AN R, SR, #OREh, RuEE,
IR, BRSO, NEER v -2y 7 T7a—7
77 4 —DORE~NDOL 2", Hiz o LWIREL 16 (1999)
1731-1735.

Y. Aizu and T. Asakura: “Coherent optical techniques for
diagnostics of retinal blood flow,” J. Biomed. Opt., 4 (1999)
61-75.

J. W. Goodman: “Statistical properties of laser speckle
patterns,” Laser Speckle and Related Phenomena, ed. J. C.
Dainty (Springer-Verlag, Berlin, Heidelberg, New York,
1975) pp. 46-60.

-tl:
Bty

43 (43)





