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Laser Doppler Velocimeter (LDV) #4{&To
SHCICAT 22 ek v, MuhieEREERAS
Wik &R L IREETRIEEETH S = &,
Doppler %21t (Doppler &7 b) #ifie =
LIX VIREDOHEEN R THD Z L, £HETD
WA (M) 2 6o RV (FRKR)
FCH—-EEBECHETCESZ L, R, ERHEIC
Bl LcstBInmIBETH B Z L, LIRS AL
RN OES FBEBETE 2R EORNENH D, &
LI EEHITF B8 LDV THELhicT—#
DIRRD D DEAK L 7p B & FEE L HR
T3 LTHB. LWbHBETRALX— laser K
12 & BBUNERG DOBITED 1= DAARIBE DN L7

4 BB S O R
T T E P R

==
PR R
D, T OHEFGREHFREH T EORE RO

EVH SV ERICHOBEXY 2 ERTHS.
o. LDV BxDH5F U

LDV jfi#EEHiE £ DR A2 19645, Yeh &
Cummins 2L YWV BEShicZ LichhE S, &
AR HOILH X, 19724 Riva 52 ORO
AR ME MRS T TH B, L TAD
IREMm¥ (Tanaka 53, Feke 5%, Riva 59%)
THmmsEHE STV 5.

=mb & Koyama 57 (3 HICFAF L7z laser
Doppler BEfEE &\ C, DO KIEDER S O i
BREAETAI L, Stern 58 1 Ix X I OREHIIERS A
DR F I & BE LT 5.

Laser Doppler D&KL 7 74 A—%
Huvazkicky, Figgk Kk L. Tanaka 53
X774 A= 2HGT, RO KRREIROFEH M
WAEEHAIL, 10 cm/sec A5 0.01 cm/sec £ TD
MFRENTTEETH - fo R LT\ 5. Kajiya
59,1011 & Nigshihara »2 Z¥7 7 A4 =T
laser K& MENICERICLVEATSH LT,
DA IS Lo i e gt & & 2 7.

AR ERIC PSS B lE Tk Williams 68 %
Dopplar Flow Index # 3k RATH4E M o fxsE
p b RicmfEERELZRTHEL TV 5. #4
5% LDV M, mMEEZR T2 Ty
~ DOFBFEEPR T OIAO RO M 2L & HlE L
oW Chic kB b, BRMAC X 2 REMZE
L EBP LT ARMAERE (Vi) 2E LT
B
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m, fIFECH>TOERYEEIE

Laser &M\ 55T, EHREOMBHRIX
RLEBERCETHEN, TOERICARBZ LI
DUVTEREL 100D 2 5. & TirERICH
1o TORGNIRBEIZ OV TR R 5.

Laser Yo Doppler #R #IGH Licith Dt
B, KEFEEIBR (BRI KFBELTE
5% 5. XiFiE—ic 1081 F— 7 —EEaR
TR TAEE S VCETHS. AT 101
TR Th 50T, Doppler £5 & LTD
AW HELE L 52 52X, mEEOFEERCHRIIE
TED L5 CBLRAERE T T2 LE H 5.

Zotediz, LDV T 2 ool LR
DX (EREICiz—o0 laser KEI LXK &S
R LCRABERO% L, Eilof- 7
coherence M X\ ) F{RICEE M I TH
VWD, 2ODKEOTFHIZL D579 (beat)
EEOREHZLEFIA LT, Doppler % % &
bz b LB,

iz, bTHhICRERO R 2 20N EH
FLUMAEICHETLTEY, X20REE a), a
OO E ¢1, ¢, Fic f1, fh EEEKETS
L, TOERBEZROARTEDINS.

y=asin (27fit —¢y)

+asin 2afot—y) 0000 e (1)

Zo&ERKEHE OLEE) ToER I ()X
D2FETHS., Wllek 2F LEMLIHEHDOFT,

cos 2 (2nfit—¢1), cos 2 (2nfst— )
.5<3

cos{2nfit+2nfot — 1 — oot
TROLINZEY, SHFE COREEHEZB% %
DTHREINT, ERICIIKROEDOER

I:a12/2+a22/2

“+ajag cos{2m (fi—f2) t— (p1—hp) } oo+ (2)

PP REECOEIE LTHE S B, Laser
YWns fi=1, THY, ¢1 & ¢ ZHFHT—EI
LTk, COEBEDTERO R THELT
HRFoBE)DIIZ, Doppler E51E5T 5
Liz7e v, Doppler ¥ 7 b &t & ORI ERRE
RO VAL, BTHRB L5, —>D laser
K E—Lb2 7Y v 7 —RFERAHE (~—73
=) THERLTVBHEREHELD T, K
DLWTERHOA~AT e FA v (REREG) L5 X

DEHRELA L (AERE) WL VW2 2HET
BB, COXICABERDORL S 2BOEDE
By, EEAEOFBTCRERNCZEL, Ab,
57210 (beat) EHICLBXDOKBEEZND~T m
A % ERH L, Ik % A laser Doppler
velocimeter & L THWV 2E AN LFERTHD
(Fig. 1).

IV. Laser Doppler ENDH%H

Laser Yl #8EKITIcH TH%, BELEE2E
BB IEHAOTTEL 5.

EFHAEI A —7I7—, XNiFEr—2L27Y v
4 —T laser X 2L LVEEIZ29L, Lo X
B LTz 0> 6RH LT, TOTERY
WCCGEE LTV BEER T SR BBELE R E X
LT, XBECES LD THS. HEeHhkEL
VATEXLT, MCWEEL BRSNS B.
SRYEEIX laser KB N—T7 I F—THER
BESERIC -G L, —HEHRIKTICHTT
FoEEEE Doppler 7 b 2 FiF T\ &
B L2 BERTCTEHEILTHRET SN, BELDED
BMIFAMICEIYRELZDOT, EXTE0ICHEE
MmHY, FEFiEEE. B—t— AE T, laser
KON E L X TEN L CHELRF 2 BS L,
e — oD EOBELEENHEE L CERED
BIATRLA REERT 5. EFHICH~N
i, BEtE, B—v—- skl biciELto R
NRENDDT, FFHEIEE .

Yokt CEEE) & laser Kl &2 BIEIA
~AHT B ERBFRE, S, AR HED S EIETRAL

L —Y —RiR i

Lox &
‘ ! - }

He 1 j ERERUMESE (74 b7

f ! 19::737;\,000‘,«:\_.

CEPL s
;|2 B

l Ko7 7—1&% L pand Pass Filter
| RU
SrFNTOE Y —
KOE—
(M=AT
£behd

Fig. 1 An illustration showing basic phenomena
and system for obtaining signals used in
laser Doppler velocimetry. Each number
in parenthesis indicates that of an equa-
tion used in the text “chapter 111",
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% laser XFEAEB LI HRIIKBEE, D 255
FRTTEGELE BB, ASTFRERE SR
H Uiz h 256 2 BTEELE (ROEALD 72 &m
HBH, HEOBELREILRE L 0 & ICE
L

V. X774 1\—%CALL LDV

Laser n®EXLAS X, v XA FERIA
Lh, HEER 2B ICEMRITEST b\
B0% 0T, HIERS L VEGRE TORELT
TANR—TRSZ LD DB, HELLEROM/
HoEBETELIS L5881, X774 %
FHLTWS. X774 "=E2HV5EXE»L
EE->Th, HEVTENPITENEZAENLD
BELETYH, KESHELZREILLZ Lndn
EETED.

K774 A—oFLHZBITEROE 2T, £
ORBOROLFAROES L, BITEROE7F v
FTHERINT5. WEIAERNSTTRT
v 7 £ CHEAFET D, HAEmRO LI EE
ALT, BULEIONT A A—RIFRL, %
O EREE SE I O TR & SEARBRMBR THERE L CH
W5,

EELRELOBEBFEAV-FELRKELT

Bandpass
PM  Filter

Fig.2 An example of our system in laser Doppler
velocimetry. Abbreviations: {, filter, M,
mirror, PH, pinhole, BS, beam splitter, L,
lens, PM, photomultiplyer, OS,
oscilloscope, SA, spectrum analyzer, WM,

wave memory, Signal A., signal analyzer,
dF, results of FFT. Each arrow indicates
a maximum frequency cut off as a Doppler
signals.

B, BHOE— KHMEWKATEER = 7 & 50 um
DZNFE— FHT 74 R—2FHLT 5,

VI. XFROREOHEAEHE (Fig. 2)

R - KR FIPEL LSS THET ¥
¥ 2AAMFEDEDER . ZOEIZEERDOH
BN A L= Kol v—nERute. K
L LTixt He-Ne v—#—KiF (RIEKE
0.6328 um, 7 :5mW & 27mW o2 %
At MEREHIA v —4 =X E LTid s
HILRELLLDERERETHEN, HreofE
BALTUBEDF0.5%UTOREERZRT LS
A, BRI Co e b O Tk,

Laser Xiz@BERAE7 44— () #@E LR
7 — CPFmg : My, M) TR+, HhE2%1t
TRTHVE. 2RFE=-L27Y v & — (BS)
XiF 7 Xz Xk » . BERBF T, LB
IBUTCHEALE—fFZRY)y bIFE s &— b
(PH), v ¥ v ¥ —ft &R0 s E TR DK ERE
Lic. vy R ESERE, 50 mm, 30 mm 0§
MEER L v X 2. Laser o AH KR
YAV STy T, T A A= RiEE S O TIF
KREAe COMERRD o ERBEREE A W L. X
FERELTL, B—r—2EEsBXEL2H,
ZEMERTHRELE & L.

FE50E  EE PM) g~y A VB E L
7o, HAEE &P EZERIRIZ He-Ne laser Y&
B LICEDEEAL.

BEOWMYRARIE, Fr R4, v—FE
256 kW/Ch, &E# Y > 7Y » 4 25ns, KBE 4
EY - 1M v—Fov=z—7R2FY -
(WM) #H8ff L7c.

# 2t 4L ¥ : Fast Fourier Transformation
(FFT) icixy 7+ 7uwt v 4 — (7T17 NEC
=) R

Beat {55 ® Doppler Rz kX 3% bizy 7
nzxa—7 (0S) CEELL. —HOERTHE
BOMITIZRARY AT+ 544 — (SA) 2Hu
o, —HRABEFEEELYTTAEY —ORICiX
band pass filter M\, BEORIEIZIZ 1kHz
LIFZcut L, EEK /A4 X&kELL. BHL
band pass filter TOREHR /A4 X 7+ LD
Fi1Z, Vimax OV 7 VEEEE 2o X 5 2 EH
THRAVUCKHE LICAERZE L E, EHLeT VX
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5T

AT A&fko trigger & L TIidAEMKOE AT
LDERREN SO delay time % —7EIZFEA TIT
7.

S/N lb&z@E®, T—24DR"TOx kTR
%, FHin%E L7 Doppler 7 b FFT EHEL
b, W0 DIREEDFRERAZBE L, cut off
BE (Vmax) DIEENBEHICTE B L oI L),

Bz XETHEELE o Doppler shift Tix, T#
WEESD2Oo00E—LOAEEN 20 THIIT,
He-Ne laser YeiliE# 4 £ L THEE |V] 13 Viax
R A RAERAEME Af L35 L, Af=2n|V]|
sin /A TH%. n=1.33 (EF{HK)

W, AN MIVTF54F—5BHO SO
ER-Y:H)

FERT MEEICHTEIHDOEE :

1AD laser X (ZDBHIFE—-F—F77
A R—E%FH) FEIERICHGCERRLOLER
(1-2mm) X v 27 /hEu 200-700 um TH 5.
M #ERE 2 mm D IMEO I/ LT laser ¥
FRBHT B L, SEESIZENMIO laser Sl L
L E S ORLOARERE L. - TMERE %
Ff Lot laser XidmEFTIEALT, +>v
7Y 7 volume (FFEEETIIN Y KE< Db
nLBEbh3s.

Laser X7 & 2WET & @ARO N Lo i
SToYiEE (Ll &, 7 v b7 — 0l
<, I=liexp(—aD) THEz 615 (a: WETEH,
D:pigf, S:EELIRED. BEAMBIRA Y -2/ F 2T
INERALTTADOBREBEEER L, Zodic =P
FHIKT 1vol% (e icMRE Ant. XilE
(dB) ol X, YA REIOERH (mm) 7K &<
mhEKRKERBEBERER L. XOBRTT
DOFHEERT «a=3.06X10[m~1] TH - 1.

EBI BERX 1-2 mm OmMERNEED laser

KEODEBHEE ANT MWV TFFA4HY—-TL
5 z7- Doppler 7 FDOHH7T :

Wistar rat OfE#HEIR (B X 200 um) ZHCK
B LT, Z#uic He-Ne laser i #MRE4
%E, RUOKFE S HEAEENE L < FEAT S
ENGh o1,

#EYtEwc X 5 Doppler shift #FE Tl R~
7 bFLTFIAF—EHCTHIT LI, KER

INTENSITY(dB)

(]

e

Fig. 3a-e Relationship of signal intensities

4 6 8 10 12
FREQUENCY (kHz)

between theoretical analysis (a-d)
and display with spectrum analyzer
(e). Fig. 3c shows theoretical
curves. Fig. 3d shows theoretical
curves plus Iy (right) if scattering
particles locate in flow shown in
Fig. 3a and 3b. Experimental
curves (Fig. 3e) from the common
carotid artery of a rat by spectrum
analyzer. Figures cited from
reference No. 19.

O FEEF T, #E 7w 7 4 — /i3 laminar
flow &2 5 LML 5.

L BENOMEE S r 7 1 — )% Fig. 3a, b ®d]
BREEE 2, HEEETRELLSEA
ply, 0), & V iX

V=—Viuax¥?/Do?+ Vinax
(Vinax (3B AUEH)

Laser Doppler 5% A7 b7 F 54 F—
ERACTHET 256, &RERA X7 b VRE
FANIHE T B TcEB Shs. 2 TA
JiiE Iyy 2ERECONBEE LT 5 LETD
laser v'— A ASR LD & B S DAMER (H
BAIZEELKITF) 2 IR > TRICE T O N
(Iv) &
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1000

Vmax{cm/s)

i | H I
01 - 081 01 i T
FLOW

Fig.4 Examples of solution (vol.%: blood: saline,

1:9) flow in a glass tube with a 1.2 mm in-
ner-diameter. A linear relationship bet-
ween Doppler shift: dF by our system and
blood flow is demonstrated in wide range
of flow.

d FlkHz]

100 =i jj

[ 4 Bl ?,," e ) ' vmax(em/s)
0l01 o1 i 1'o
FLOW

Fig. 5 Example of cerebrospinal fluid flow in a

shunt system tube with a 1.0 mm in-
ner-diameter. A linear relationship bet-
ween Doppler shift: dF by our system and

CSF flow is demonstrated.

10 log (1) =10 log ([ exp {240

Ivo
< 1— (Dlg cos O)Z—Dlo sin 0)}d0]

—10log 7 (%) v 19)

100

299

X v Doppler + 7 b Af L6405 N80E & DR
tRix, Doppler ¥ 7 kAW A A Doppler
7 MAEBIGES &, BT ALY N VERE S
W3 % (Fig. 3c). R4 2 5 Doppler & 7
b B E D 55 Wik Ho> power spectrum (E272 D
ZOMHEIZDWCTIHRO L S IR T
%. 1kHz LT oK 521X laser Yol 7°5
AREDPLEILLBRTA AL NVEEHS, E
7o MAEBERMALT  THELI M EmEO K fF
B RENEEND LIRS, AT PAT
FI7A4F-THREINSES [Iy] Tix, Dop-
pler 7 b & ZHhGEREOHERESH S OHME
(vl 23, ERINIDLOTHLEELZ LN S.
Iy o555 F I 0B KE VAT R~ 7
FLTEbEASB (—20dB &) » T Doppler
v7 PR Iv 2z TRBT 5L (Fig.
3d), AT MAT FTA F— TOEMIFFLM
Lzt o L7 (Fig. 3e), Doppler 5 %18 %I
Foo Iy CHYT 2 EBERS 2 UET 5
band pass filter 2\LETH 5.

/]\;X(‘\_

VI, Band pass filter # B\, a7 —4%—
RERBEHAAN Y 2T LTORKRE

ARBIZZBREDONFERITKT 74 ~— & H
WTIT g o 7219,

AR OHF e ER10%RE AN RS
KTHED BB (N 1.2mm) %, Har-
vard pump A\, 4 0HEE CEB S, &
WE Iz k4% Doppler &7 b B E®E 7 —
Y= (FFT) B & s, Z DD Doppler &
7 b, RAERE Af, fE (V) EoBfkiz V=24/2n
sin §xX Af (1=632.8 mm, n=1.33, 20 : &
kT suETH RO RTAE) THB. FFT
iz X% Doppler v 7 hDIE 50T 1 BIOKRT
FARET, 20[E5 5256(E 0 InEFH & H\ 7.
ZDFEE A Fig. 4 TH Y, Doppler 7 +® cut
off F5 & Vimax PREICITIZITHR TE 5ERES
(EVRE P g R

iz \Bid (Mifa% 3/mms, &H{ 1.8g/l) %
MEFE UCRELRLF 28R Las\ T, BXEEEE
% (FWA, Pudenz Schultz #-#Y) o #EE I
laser JeEx# AGHL, EAOHK O L S
Doppler v 7 M #8% L, #E 275 Licos Fig.
5 ThH5.
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BEWE I AELR F i Mg i e~ ciomic 72 <,
Doppler shift #"THELEST /S5
Mz & - 7oA, shunt system DOEH & DK
DIESHBIZATEETH - 7. BROBEITIMED
ELoT, EBEEHAIT 5% G, 5\ Doppler
ST MEBBLOICEE—FET A A—5H
U, FIAERELE R & BB A TH EET < ITIE LS
KT 7 ARN—BELEBILENHD. £, Vi
o cut off §5 7 1kHz LA T &1 band pass
filter ® low pass fE & Z 4Lk W T TS L7,

X. £~ D laser XBHTOLLMEICET S
EF

FEH L7 Wistar rat OBFEENRICERE 200 4
O laser KHEFBLE L (555 51205 D & B,
HETY) R CHRBZEL 2R R I RIAMBIZE L.
TR E R S EAA8RER], HAMEA 1 AR, Bk
4 BE O BRI o TERAER L e £
DFER, BRI HERER e C3@Bben -1
7y, BEHEMAEIC By ikt 27 mW, 155 L
E& 13.5mW, 1205 R4t 0 2 6lic 18 FiE 0 F
B OZENE L B E ke & T AR R
PR Hh, —HEEEEE CIOREDRIEIZR D
bhlehnote., 2 LT 2TmW, 5450UA
& 18.5 mW, 605 AN D BE ThHIE, ki
THHEIMABFENEZCHFRHTES LV IR
#187:20, Riva 62 37+ X ORREH oz
T 10mW % 2 7RG LT\220%, AEICHT
BEBIZOWLTIRIR T 2L, Laser YeHEAD
S DEIE A IR & 7p B0V 2 DS R H L
5 L REFHNORE EELOLNETHA .
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A study of blood flow and cerebrospinal fluid flow measurements

in biological system using laser Doppler velocimetry

Hiroji Kuchiwaki*, Suguru Inao*

Yasumitsu Miyazaki

* ¥

and Seiichi Nishimura**

*Department of Neurosurgery Nagoya University School of Medicine

**Department of Information and Computer Science Toyohashi

Institute of Technology

Laser Doppler Velocimeter (LDV) is widely
applied to study flow dynamics in clinical
materials. The results obtained by LDV in-
clude many basic problems to be clarified for
the evaluation in flow study.

The first one is an optical system with which
optic waves are changed into electric signals of
high frequency waves and Doppler signals are
received. The second one is an application of
an opic fiber to LVD. The third one is signal
processing system of Doppler phenomenon and

obtaining high S/N ratios. The fourth one is
damage to the biological system by a long ir-
radiation time of Laser beam. Comments on
each material were performed according to the
authors’ experience.

The authors conclude that usefulness of the
LDV increases by an application of optic fibers
to the optical system and time for irradiation of
Laser beam to organs in the living body should
be as minimum as possible within a safety limit.

Key words: laser Doppler velocimeter, blood flow, optic fiber, cerebrospinal

fluid flow, irradiation injury.
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