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ABSTRACT

This study will conduct the design of the pulse measurement system and verify
the pulse measurement accuracy.

Moire’ will be used to locate the top of the pulse, then the vibration and
frequency of the pulse will be record with laser triangular measurement.

Up to nowria, we have gotten the 7um resuloution and accuracy up to 2.5% by
triangulation pulse meansurement.

There are a lot of measurement methods or equipments for measuring the pulse
and acupoint of human being, including palpation, stethoscope, sphygmomanometer,
electrocardiogram (ECQG), oximeter, pressure transducer, optical interferometer,
Doppler-based instrumentation, and this optical moiré and triangulation pulse
measurement system we proposed here.

Arterial pulsation and acupoint waveform has been considered as fundamental
indicators in the diagnosis of cardiovascular disease and guide therapeutic
decision in complex clinical situations. Abnormality of shapes and frequencies
of palpation are symbols of certain cardiovascular disorders and other diseases,
thus how to pick up arterial pulse and acupoint waveforms without distortion
has become an important issue in biomedical signal processing. On the other
hand, pulse and acupoint diagnosis is the one of four kind diagnosis methods to
determine the physiological condition of patients in Traditional Chinese Medicine
(TCM). In clinic, most popular methods applied to measure pulse behavior
include stethoscope, sphygmomanometer, and Doppler-based instrumentation. In
TCM, most studies of pulse diagnosis machine use other devices to record pulse

changes. A set of three pressure transducers to sense three location pulses has been
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proposed. Lu and Wang analyzed the harmonics from the frequency spectrum of
pulse waves and related some illness condition to certain harmonics. The devices
used in these studies could either interfere in the measurement because contacting
or cost more as having additional sensors for multiple points probing. No touch
pulse measurement with optical interferometer was proposed by Hong et.al, it can
estimate skin vibration velocity. Echo-metric techniques which would make use of
time-of-flight measurements of an energy pulse reflected from points on the object
are not practical at short rangers due to very short time intervals that have to be
measured. An optical non-contacting technology, which based on optical moiré
and triangulation, is proposed in this study. Optical moiré and triangulation is well
known in thickness and contour measurement, and applied to many industrial
fields. This study will conduct the design of the pulse and acupoint measurement
system and verify the pulse and acupoint measurement accuracy, then using this
pulse measurement system to build a complete data base by measuring the patients.
Moire’ will be used to locate the top of the pulse and acupoint, then the vibration
and frequency of the pulse will be record with this IR laser pulse measurement.

Keywords: Moire’, triangular measurement, Optical pulse diagonestic sensor
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v %%3%%28% 1

—— 0.71t0 2 Hz Band Pass Filter on Datal B

0.4

o

N
—
—
—

AT TR

displacement(pixels)

N1

-04 T T T T T
0 5 10 15 20
time(sec)
B1.19 &Rty
Frequency (Hz)
0 2 4 6 8
2000 .
~ 0
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S -2000-
S 4000
£ 008
0.06-
<)
S 0.04
2
g ]
0.02- M/k
000 \”“Mﬂ : . : . - . - .
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SRR N2 B

Bl < 2

-2 "g\},'g)/ﬁ [IECRER/- A l‘g\},i)/P E A #%ﬁ%;\"oﬁa/? b %
TR o W nz\w’?ﬁ‘r MR VT L R M e R T X
ORPE R A ) R

Pt clc P HEE Ao VRPBZTH/ERE

(Charge Coupled Device, CCD) ~ 7 4 ;% £ ¥ £ ¥48(Complementary
Metal Oxide Semiconductor, CMOS) ~ & j7:1 » ~ i* (Charge Injectlon
Device, CID)------ FRP A~ oom AT cCMOSE~ g8 4] 5 %

BRE e AR PR e B EUSBL.OK-F z@’u@ﬁig?] I % % > USBI.O
mxéﬂiﬂﬁ)ﬁ,ﬁxh % 12Mbps o =% * kit £ § F 45 USB £ £ M
L RPERESSR o Ffy A E A * Hynix o & $% i=c9HV7121B
CMOS Image Sensorfic & '?*A‘TT = @ $#& - e1JL2001B Sensor Controller
Bl R Y o HV7121B+pixel size s 8 x 8 ym? » 247 & &

640 x 4807%% > ®ACE 5 2.5/ luxh sec - fill factor 5 30% > 7 i 4=
PR M TT R ¥ EJL2001Bx * USBew R(5V) - JL2001B
T3 RMAE T S ASESF AU E S FIC, BT
Ry dle R B el A B TR 0 5 BRI 2 (bilinear
interpolation) ¥ ¢ %2 & & > ; 7 i FIRGB 2 7 ﬁi"‘] ' » JL2001B
SRR HRLTHEVEAEY B RGERTE BRI % -

(7 ) CMOSB~ f§ s 41|

kLS Fh R A B ik 5 BUSBL.OR-Z fﬁ}\@ﬁi%]i T
USBI. Or’v’ﬂ@ﬁi%]x? B A5 12Mbps o Ex * k£ T M USB
HEFRERD ERLESD R o Fdw AR A% Hynix 2 & 4% &0
HV7121B CMOS Image Sensorfie & Pk o 4% B enJL2001B Sensor
Controllere & & thdF 5 £ % - HV7121Bfpixel size 5 8 x 8 pm?
f247 R 5 640 x 4807% » & ATR 5 2.5V/luxe sec > fill factor % 30% >
LA F N MR TR R > 7 22 JL2001B% * USBHT R (5V) o
JL2001BE 7 F *t4cie g M H ¥ 5 a2 Beng A4 E 5 2 IC»
RV REHRERE > FESE AP RT R SERER
;# (bilinear interpolation)i® ¢ 2 &3 » H > 2 4@ 1.21% 1.22 A
HV7121Bg & enfp g # 463% > ~ 7 -5 Bayer™t 7| » & 7 i 3
RGB 2 #% e 3 L ﬁgq] MJL2001B% JF £ i de TR B E L o B
Jik 4 ‘fﬁ,‘y lg\P BT R PR TBERIEEFHITAREFEFET=5>
FTEMBEPERE FICMOSHFHAEF4rr 2 p kR H H 0 € 1§

2 2 2, N
P ENER o
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-g 1?#3&53!&6#1#-}9
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-B T B A 3G vl B 34
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-G o IR A 3 eI G F34
-B T Bk 8 3 va B P 34

() F R
I gl A 2 B A4 - FEHF o L
FooRRAEAL Bl o d R FAARE S Fen ‘
B BT - (ARLA G BA L S G RER T EA A
FlR - B ) 0 @R A 5 d 0.6HZ5|2.0Hz » F = 5 40 0.
2B .23 -
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212 M F R 2%

PEFEER S 28 % 1P

SROFH

/

./

o

\

LN

BI1.23 A S 4t F % % H R

HUEEEF AR

S (Hz) | RIS Hz) | FE(%)
0.60 0.59 1.67%
0.70 0.70 0
0.80 0.82 2.50%
0.90 0.88 2.22%
1.00 1.00 0
1.10 1.11 0.91%
1.20 1.23 2.50%
1.30 1.29 0.77%
1.40 1.41 0.71%
1.50 1.52 1.33%
1.60 1.58 1.25%
1.70 1.70 0
1.80 1.82 1.11%
1.90 1.87 1.58%
2.00 2.00 0

(=) Fhd2pRe
It ¥ - kg gt > T A H

5
HE R B E T, RGP R m Y h T e B
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PRl o BI127TA WIL28R AR LR g S d B
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"
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05 — v , [
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| I
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displacement(pixels)
= |
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time(sec)

BI1.25 47 4i%4% b LB e 8 R4sF A
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displacement(pixels)

displacement(pixels)

v %jﬁ%&fﬁ 5288 % 1 ¢

0.6
0.4 4 L] -
b -
1 . a |
0.2 - s g $ _
il L | , -
1 : i -
00 - i Illir: Py “i L .
] )| | l -
024 = g1 == 'l":]qll
1 i
0.4 | 4
4 |
-0.6 -
-0.8 -}
I I T I T I T I
0 5 10 15 20
time(sec)
B1.26 3 £ & i R4 7 A
—— 0.7 to 2 Hz Band Pass Filter on Datal B
0.6+ HitH
0.4 1
0.2 1
0.0 1
-0.2 -
-0.4 -
-0.6 T T y T y T y T
0 5 10 15 20

time(sec)
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v %é‘%’&iﬁ 52848 % 1 ¢

——— 0.7 to 2 Hz Band Pass Filter on Datal B

0.6+ HH#
0.4
I
| |
| | f
7 7 I N
o) v /) | i | il n n N | M Il
2 MOCIEL VT M
=k AR A I AN IR IR Y
E 004 AR VAR AN IRIVRERIR,
g PN T Y TN
& H PP HM || \/HH\H/\M\‘\M\‘\
© ‘\ | \‘\ || || (| \VoL I H ‘\ ‘\ |
g [ | L | AR
- -0.24 [V I | | ‘ |
oy A
S ! Vol
\V\
0.4
-0.6

o 5 1 15 2
time(sec)

BI1.28 Fd + k(B

=, BH(MORIE)E A

M
v 5 g ¥ %
T[] \ /
\ T A\\ \\::\'\ '/".:J)
moire' = i L Y
== N\ //
\ 4
ﬁ: L :"; \\ Q \.\ \ee| A / ':'I
LR I
i’/; - f’} U \\ “'_-/ "’lri Guauling
=== =L\
“ - R Y[ A
T= - 5] i :‘ / E
—_ T !
> 2 R R N
\/‘)3 . -

H

B 1.29 &Sk 4 A 4 25 % MORIE £ 8 8 % Ji 72 (Shadow moire)

AN sk B F ORI BAF > Moire §_Aa3DRE F R F AR * o
% > Shadow-MoireB| € & A £ fov chF+ 2 Fen— BF IR % o ki
G MR R A 2 % g REE A ahd

B BI129¢ > AP EKERSE ki - BEA SRAH 4k
ek 0 CCMA_#ic =448 > * 12 dp FEMoire iE X e i o 3K LR E
CCM2. F enpedg 5 P> LA R A{cCCMEEH L cnF & o a &2 B4 B 4
LRIrCCM 2 kfp b — BLende3 M9 4 ehk B > XfrXah o £ BF| D2
BF|Cérrk T jEdt » B AB B F piEkip - ACH  qif kb » o it %
# A5 = Moireif & > B wDEEYiT 5 NitMoireif X » B|Moireif * 2 [
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SRR N2 B

PFERLAZ(X > y) A

LoD 1+
Mo, y) = —L— pz(x ) = 2 —L (2-44)
a z P a -
1—f(1+f) 1-2(1+5)
L P L
bR A TR b R B A Pk G AR R e
bacﬁ?&‘;ﬂ'

3 &%W%@%gﬁ@,éﬁﬁﬁﬁ%ﬁ’%W%f

.,_‘-

B1.30 MORIE =z_i "% 3% & v [g]

MATLAB #% %4 #7 42
(& 80k TAARH)

BRE A EH AR R
(540% 5 PPN | A A
R—E) e i
— I K Gt BAR
d *jfg‘ﬁ BT e A A
£ 7 B % 2 BEE
B11.31 MORIE %_i=#% 4 i% 42 B
SR AR R RE . AP % F]* MOIRE: R B2 %%
) il (7 g

» £4]% CMOS#5~# > & ' MATLAB#-¥
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PEFEER S 28 %1

TEUTEE o PR - kENFRIRKE It s L uT Tk
RS o B fs £ 1% CCD Image Sensorff P~ o #pB~ 2 B 1o £
FI* MATLAB¥ B g 7 4 45 » H i 2 4e+ F B #77 o

BI1.32 =+ me%dt Rl 2 2 47 A bE £ 3 W

B1.33 £ 5eiifd € =% 5% R

(E) i x T
1. d Ronchisk i & 4 & 2 & -7
- BFERE A FZENLTIERE L T m"c%ﬂ’rﬁ-; Ronchi

ruling grating » 4§ 1.34#77 o
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SRR N2 B

X
P
®]1.34 Ronchi ruling grating

— i :%Ph’ﬂé ST LS Y S(y-nP) k&7 o
6 SR ¢ BRI R BT - g6
xﬁ'vﬁ'{ :

o0 1 o0

>y -nP)=2 3 5(%—n) (2.45)
* ¥ % 1 4] & #Hc(comb function)z. 4 71 ;4 5 ¢

comb(X) = i&(x—n) n=integer (2.46)

#12.45) 1% » (2.46) N 15T 18

%i 5(——n)— comb( ) (2.47)

p
G- RS  rect g v ) % 45 2 -

fl* & ¥ e f 7 A2 - =Ronchi ruling grating » # 5 % ¥

(Transmittance)T+# # 7+ 5
! y 2y
T — _—com t
00 PCO b(P)®rec( P) (2.48)

He »PL ki ekl o
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Bl1.35 & 2 Ronchi ruling grating %

By 0, 0. S
AOEEPARE 0 A NS xphd s —EmRonchl rulings 7

EHEAUETRT, > 7 TS AT 2

!

T,(Y,X) = %comb(%) ® rect(%rl) (2.49)

T,(y,X) = —comb( )® rect(z—r") (2.50)

e r'=ycos€ —Xsing m r”=ycosg +Xsin€ M oie
2 2 2 2

B REEPEFBERNTEF A ETEF DR

T(Y,X)=T,(y,X)T,(Y,X) = rect(—’)rect(z—r") (2.51)

Ber' vl F HE oo T I"—I’"=—2XSin(§j PIRSH;N 7 % 75

Wi

2r" —4x sin(ij oy
T(y,X) = rect 5 rect( Fr> j (2.52)

s Ronchi ruling grating & 6 % & 2 s Moiréif ¥ 4@ 1.35 #1

AR O
AR AR A

IR AR
R REAE
PRI AAHTRES AR
= (R AR
R R
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/g“‘»? MR R PR G A PRS- BT i Moiré®] 7
T Wandkv d - BRP P ITTHEDESE

o
COS[ j
T (v %) = j M(‘V DT (y.%)dy

(2005%
COS(?J 2y +2X tan(zj 2y —2x tan[zj
5 I 2“’5(9/5 rect( 5 rect( 5 )dy
cos| — cos| —
2 2
(2.53)
T AR PFE S cosf=1 0 sind=0 > (253);8F e H 5l
T (Y, x)——J' 2rect(zyjl;Xg)rect(zy_Xé})dy
e (2.54)
- X_?Jery
2
- M FTEFERET AT A
, 1 xé
Te (Y, ) =-—— (2.55)
X 1—m X <a
kg2 AR (D)= a ' R S
a 0 otherwise

1.36 #1771 °
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e e — |
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——— =
= —— E—
—mpiilie— e ——
——— e —
R — -
. e —
— ——

Intensity

v
>

B 1.36 Moiréif & i L 3918 ehF iF F

2. B it foor

@+ F ek & k7 0 Ronchi ruling#g iv— = 4t > 3 B>
BF A A T moirésrt %k o d (2.55)58 F At moiréik Bl — B =
’ifﬁ»éﬁg"uilﬁaﬂ'ﬁiorTvd(255)$“7‘T‘? g Bk A
R AP A4 dmoirdiE X E L8 Wir kg o P E’i—ﬁf]
e A_ZE 1 ML chmoiré $HER o d AT AT F e B ek i {0
BB RN 0 T U Bmoiré® B end 7 ko e BF A R-F gL
FE AmoirdiE RFYHFL > A F & wINHB HmoiréiE X {
Fo%* FIH(2.52) N B AAE RN 0 T O g | H iR A2
FAKRET o AGFRET RAL- B8RS B Smoiréd T 3¢ o

- BixH 5P #3® > Y#heoRonchi ruling :

y=IP, | =0,£1,+2,43,--- (2.56)

/: ‘.‘m\"\

0, 0

57 T35 ePRonchi rulings *

*OE AR S T T ehdg iR 250 AT

B BEHAPE > A N Exih

ycos(gj = Xsin[gj +nP , n=0,£1,+2,43,--- (2.57)

ycos(gj =—X sin(%) +mP , m=0,£1,+2,43,--- (2.58)
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Moire & ¢ T E BB LS B AN > AXdhaE o ¥y
fE(2.57) (2. 58);\ enB 2 > RSN 0 B(2.57) R 2 (2.58)5 o
3% ‘E"]Oﬁ'*mi%er#E\ R S N

2X sin(ej
| = —2

2.59
5 (2.59)
Hel=m-n, 1=0£1,22,43,--- ° ¥} N A AT FEE > F

7 i moiré if. if%]’?‘rﬁ:fﬁ S 2N
P
2sin(‘9j (2.60)
2

FhhkPoppE o sing=0 0 F XV iH 5
IP

X=— 2.61
7 (2.61)

BQR55) Fmg A 0 3 KA A B

P';g o B A (255" & - BEH ez A o (.61 P& T -
B FHMENE S 2 o T Y LT 2 Kk taMoiré if KX s
7 o
. [£ 8% & % (Shadow moiré)
FEAAmoirdif X » %I B BFHipITnEpElH A

i o AR Bk * hE _shadow moiré 2B & 2 54 o JI* T i3

7 i - 2 B ki (Reference grating) » & F Rl i o A2 4 B
+ o odmpd R TA A PG L H - ok o (e B LA
EFERyrEAR DRI EFZFRPOEGRRI RS AL A
8 ST ST FRIP 4§ sk £ - 875 % ik i (Distorted
grating) ¢ Shadow moiréif F_f|* = ¥ eip BB 5 Ak ip £ fp
A AeRIL3THT o RIS E kPR R EIZE W R
KA T H Pebf AcB1.3897F 0 H RIT4eT

157



PEEEH S 28 % 1P

: View
[lluminate

a B

B11.37 Shadow Moiré#& 24 = 3t

FI138 HiRlf 225 B fpeng & L2722 # B % ip B PB4

BERg ks - B LPak o kRS ERIEA 4
Bz Mk g Benbk B o Tk ST B ki pARZLE
SR RS R R R U B RE R - S
A%qig\‘MOITéE{”’I}'}-a‘ o fj)’,?'];}';v__!— g‘fﬂA‘gl;‘!;,;’flj,lc%ﬁ ET'”’.&E'%’?‘.Z R _1;5 Jo‘ﬁl-l‘

IERIF PP LT R %

P=Ztana+Ztanf (2.62)

d iR T @R g RZ

7= (2.63)
tan o + tan

FORREREAEIHTLS o s A VARG - B RE
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tan o + tan B = K » K=constant (2.64)
PI(2.63)58 7 @3 i 5 ¢
7 :E (2.65)

T E g - BmoiréiE K B ki B endp $HEEAE o

Pl R ng, 8 - § 5048 ‘—?(262)7@}? v P2 Gk F
ﬁPP“$ - BEEE o RE - & ES DA BMoirél X
PR3 5 % °° > Shadow moiréR| £.35 41 5 B moiréﬁ'fﬁf ey B

%r_ o
bR dp % - EMoiréiE R NI g Bwm Bk hR R
AR NPT RRAFAISER S BT E L g
Tk A 4 hy - B égyloﬁ#ﬁflg'm Moiré ° f{ A5 - Fen3 B
i » #7110 ¥ H-shadow mo1re“r}§ 4 ﬁ"‘ C Rl R L gk
BA B> - B ki anbf %
P )
Z_EN,N—lnterger (2.66)

TEAAF - BPmoirdp XF N LA - BHILAFAEZL

/L‘E é‘—‘.i

Moiré & Bl 4 Svik F Bk 2K = 3% > 7 4 & F B (projection) &
e * R (shadow) A 2 i A2 4 0 B RS HT LB
> W) 4B 1.392 Bl 1.40%77F -

HF S N moird BRI N 0 R Bz R HRD HF % nfE
PTRERSRIAE REAXFRPFTHEOARRBELRE 28
AP N ZEK o J l‘ﬁﬁ'ﬁi moirésn™> ;N H 247 B 82 2R

A LR BR S ER S R A
mmOII'e l/';z: X t"‘—}:‘ B ot ﬁi 7 i fi’q gg \")\ I fb 39"5 ’ \—’I j‘\ diag
* shadow moirés2E 3% > ;8 K i 3 ¢

" *?‘ @1415 Ao /’f#
B m142;ﬁﬁ’»$’,15\7\%‘ éﬁi#}%m@ﬁiﬂ o B143 29
x/ﬁ_vrs’_ f#b’av}:% A e FTRIHEROERIREBARF T

7V o
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PEFEEL 28 NP

Observer

(b)

Screen
or film

Screen
or film

1139 38 55 Moiré (a)# - % ip if 0 3 Fipl4
(D)L Bm Bk s 3 Fplp b

Observer

Light source

Observer

Light source

Bl1.40 P Moiré (@)a & f¥ T A (b)HTa+tB=45E
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V)

®1.41  F %7 HH

IEEE 1394
Transmission line

©E]

DV

>

v %j&%&zﬂi 288 % 1

W ~— o
i
i

Light
GRe
O
=
aoo= ooo
Oo0oo

PC (P4, MATLAB 6.5)
Digital image processing

and analysis

W42 dedy @ 5
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PEEEH S 28 % 1P

2.

W43 38R EARE 2R

Fom BRIARE R HRE A

F1% gt shadow moiré e7E 3% = 34 0§ L A E Beid &% gt
A (rAp g ?REFF@."W Lenz g ) % b o d gkl desy R
PER ot B o LRk B et 30 2 iR dRiT 0 L 2 B
I FR L BRIV S R 2 (8RR R B T AR E B R
TRAAmoirdiFR o A FERRERZG > TAK a2 B4
B Rmoiréif ¥ ARG gAZ KL PR o 20 EL AT E
WiER AR s fg»\ﬂi; T A EDV (digital video)4t #f
ERE RAREAFRP LG oA R kS A Bk oo Bl
M DViedmoiréis X o F i A2 Bl4c B 1.44577 o
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RS RV SRR == EE R

\/

Mt e iy 0t p Wt

\/

Bif E Pk ALt S

\/
Bz ihe DV B B

\/
AL A R 5 1Y moiré iE.

\/

B DV B EER L iE R > moiré iE X { P

\ ——
2 DV B 45354 Moiré F & & 1t

Bl1.44 72 % AL

AR TR KR MG AT
#ict8 - MATLAB 6.5 ~ Windows Movie Maker
ARg
(1) e : L3+ F---CORNING 7059 » 2 v g X 50.3
mm/line pair
(2) /& : MORITEX MHF-G150LR
(3) DV : SONY DCR-TRV40
a. = M~ 2 1 4.5mm (1/4 inch) CCD (7 /748
b. & EF Carl Zeiss Vario-Sonnar 2 & 7 # %
BEERE)

163



SR EEAR N 28 R

c. HE ¢ #F ks 1390000
# iw;}»k #£970000 %
d. £ §E : 4.2-42mm
3. B ke ?;:i/,,\ 5

BDVEWT kB i ME /154 R I3 1
IEEE1394 & %J RMBETRBAFTNY 5 2 Windows Movie Makeri#ic
REie (78 A J/i@“’)f@“’ - AR P T AR 2 LB R
A% 5 F1* Matlab 6.5%<2_ it 84 B #-970 F BIAREHE 5 AT B0
Aol o X RSB o EHE - f@ﬁﬂf—ﬁv’%ﬁﬁé S e
LBEATE L A TEE RS R BEERE T R R pp > 7
FFALLR RMMEE R o d QBB DRE L A I
(2.65)7 3 5 MR L ehdR g T L E- B SRS TY
P Fp s T @SR G RE S o B2 A
¥ BB AT R ARAC R 1.45 YT o R1.467 YT h - B E #2054

2R TR E R R TR Bl R AR
B TRTLAH SRS EFTZ LT B2 RE S
1.13Hz
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2 1EEE 1394 lﬁﬁ%ﬁ% DV engic iz & @ﬂﬁli T Al

-

RAEPT R P R 130 5 R IR RER - R TR

-

1)% MATLAB #-8fcd 454 4 5 % 1k A

@

B moiré F & | B T B

\"BF
Eir
H
o3
/%ii

-

SO PR (0 2

@

iy
T,
;.*
l“ﬂF
Fmr

KE P s 1 2 0% 4B g 2 )

@

By B ensg @k L R R gl

B1.45 FHFEP2 L {72 R
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Gray lavel

(=
-

-40 -
0 15 20 25 30
Time (sec)
5000 | I I 1 I T T ]
4000 - -
>
= 3000
c
D
E i
1000 : “.f g =
2N Al M“*”‘; ir‘\&n AR u—*ﬁ hettde w\hm‘v‘w‘rn\‘m coucdonddocin i
4 6 8 10 12 14
Frequency (Hz)

Bl1.46 Mg EpIEmER2 - LR T B LRSS
(z) %5k Lfen
LB AR E d et 2 S Edm B FF R A =207
255 B HciE -
TR AR PRy LERZ AR E - BRROREE SER
Fe TE Ak A é.256f£4>.mrg ¥ A oo e EE - Bl e REYT
mAehg R AREILE -
fmfg;\‘-(z.65)z=g PR BB (L) 2B (REY)

ERPE . &K Al A F &Y KPP H AT AT
naE - pAAXALZREYNMPKE Rt o 29Y (PIK)RX £
-l R RO +’~H?f’ﬁ'rﬁz\ P EL 2R (A E
#0) EAING I (AIFEZ255) £d 0 BRI 22— B
moaﬁﬁﬁwﬁﬁﬂ@ﬁxﬁfE@’ﬂ—@%ﬁ@mﬂaa
FREAFRZ - RAERARES 225 29 A *256FFiE > »
frad 2RI 20 ALFFRZAOP N EZ(P/K)2 > Byt AP B
BREZEFDOR GH 3 > Q7 BEEFARETALA D ER

Lo
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PFEEg R 28 B

) (P/z% 2.67)

Sm > $DVendp ¥ a T S EE R S AR ko X B8 k]
A B R E A 2564 AFF 0 Tt AR P afp B RR A2 A
P il 3 3 — T F256 0 T S - N e pE E25618 i 5
ERT Y L LRRE S

_(P/K)/2
" (M-m) (2.68)

He ooMAE &2 L F 2Bt a3 aoiitE amit i
PR RBAER I R A AR e el K %5 K g L
B fp PR E
KR

d SRR (Hez B A2 5 00d) 8F FF AL m
TR RIRAZ Z P PRREEFER RS 0 A E
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14. The vibration waveform of multiple point and shape form The gray
level distribution of the relative pulse height difference between two
time interval will show the pulse shape. Here, the pulse shape Moire
Bitmap picture was gotten by Subtracting one frame gray level from
the next one at each corresponding pixels. Then, we can get the

picture of string pulse.
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Bl The string pulse shape by Moire image
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16. Right Wrist Guan Pulse Wave Form + < B % j& 7| ]
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17. Right Wrist Guan Pulse Frequency + < R *% %7 5 ]
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18. The vibration waveform of single point ¥ Ztmorie & /| 7 12
(1) shown on the right wrist in a 23 years old healthy male.
(2) On each of the 900 pictures recorded for each subject.
(3) the target point at the same coordinate position was picked up and
labeled as point “A”.
(4) At this point, the vibration of the pulse was calculated from the
variation with respect to time in the gray level at this point.

B Moir¢ image of one palpation point labeled by “A” on the wrist
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CREEF H 28 B 1N

£1.6-304 § o = Pl %

SRlF S| LR Ed | S RPE R p | kSRR RPRHE FZ (%)
g 24 83 85 2.409639
g 28 55 54 1.818182
g 32 52 53 1.923077
L 27 80 81 1.25
g 46 79 78 1.265823
g 35 66 65 1.515152
g 34 66 67 1.515152
g 27 64 65 1.5625
g 28 78 79 1.282051
g 26 79 77 2.531646
L 42 60 59 1.666667
L 29 55 53 3.636364
g 24 70 69 1.428571
g 25 86 84 2.325581
g 26 85 84 1.176471
g 25 77 78 1.298701
L 25 75 77 2.666667
g 26 77 78 1.298701
g 30 80 81 1.25
g 35 79 80 1.265823
g 25 84 85 1.190476
g 25 99 100 1.010101
g 26 84 83 1.190476
L 28 90 88 2.222222
g 31 62 63 1.612903
g 26 91 93 2.197802
g 33 80 81 1.25
g 25 79 81 2.531646
g 28 59 61 3.389831
g 25 68 67 1.470588

Tyog L 1.77176
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CREEF F 28 B 1N

%17-~30%* %7 & plE%

\\

RORIF S| R R A | R E R |k SRR R F2£ (%)
g 24 68 67 1.470588
g 28 78 77 1.282051
g 32 80 81 1.25
4 27 81 83 2.469136
g 46 68 67 1.470588
g 35 61 60 1.639344
g 34 70 71 1.428571
g 27 75 77 2.666667
g 28 80 81 1.25
g 26 78 79 1.282051
+ 42 65 64 1.538462
4 29 76 77 1.315789
g 24 75 76 1.333333
g 25 77 76 1.298701
g 26 75 77 2.666667
g 25 78 77 1.282051
L 25 79 77 2.531646
g 26 66 67 1.515152
g 30 78 77 1.282051
g 35 77 76 1.298701
g 25 54 53 1.851852
g 25 71 70 1.408451
g 26 77 78 1.298701
4 28 73 72 1.369863
g 31 66 67 1.515152
g 26 73 72 1.369863
g 33 69 68 1.449275
g 25 54 53 1.851852
g 28 64 65 1.5625
g 25 55 54 1.818182

Tiazg i 1.592241
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PEEEH S 28 % 1P

%21.8-304 %~ X2 RlE%

LRl | LRl R | L R R | RBRREE | FL(%)
! 24 82 83 1219512
! 28 55 53 3.636364
! 32 60 61 1.666667
- 27 69 71 2.898551
! 46 65 63 3.076923
! 35 60 61 1.666667
! 34 80 83 3.75
! 27 80 79 1.25
! 28 71 70 1.408451
! 26 83 82 1204819
- 42 56 55 1785714
- 29 56 57 1785714
! 24 70 69 1.428571
! 25 86 85 1.162791
! 26 80 79 1.25
! 25 66 65 1515152
- 25 75 74 1333333
! 26 64 65 1.5625
! 30 85 86 1.176471
! 35 73 72 1369863
! - 61 63 3.278689
! - 78 77 1.282051
! 26 75 74 1333333
- 28 80 81 1.25
! 31 87 88 1.149425
! 26 75 76 1333333
! 33 82 83 1219512
! 25 84 85 1.190476
! 28 77 78 1.298701
! - 58 60 3.448276

TEEA 1764395
—

R EAEEIGIEEE A1.794991%,
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v %é‘%’&iﬁ 52848 % 1 ¢

=, ZASMARHMRATR, CHRR, ZHRIR, RTFIHABUL=
BEREBAARRREN , LS HEREIRIENBILENEE.
AR it
A ALRIS A FE T igeend (87% % o 54”“,335_ ESRE: 3
F’*7~9<¢~f\ FEER AR - X TR RS P
&g A B0 o 1T LA R
#1.9(a) ~ 3 Fr (SR AR 0L
4E % (Hz) -+ i 4
=Rl # 7 # i # i
1 1.26 1.49 1.29 1.38 111 138
2 1.17 1.28 1.05 0.90 1.29 0.88
3 115 1.19 135 0.88 135 0.73
4 1.35 135 1.29 1.35 1.35 1.18
5 1.23 130 121 130 112 1.05
2 1.9(b) ~ b A 1A S
4E % (Hz) % L 4
iRl # (& + (s % (%
1 0.70 1.52 0.91 1.41 0.72 1.16
2 123 132 0.97 1.12 1.17 1.38
3 1.38 1.23 12 1.08 1.29 132
4 1.35 1.46 1.35 132 135 1.18
5 1.02 1.14 133 1.28 131 137
% 1.10(a) ~ 46 755 15 7% 3 Ik 5 %
3 vy ( w m) - + I + 8
2 # (% . (s . (&
1 1338 | 1197 | 1268 | 1127 | 1056 | 7.042
2 1408 | 1268 | 1127 | 2042 | 7.746 16.2
3 2324 | 2183 16.9 1056 | 1056 | 9.859
4 1901 | 2958 | 1549 16.2 9.155 8.45
5 21.13 16.2 2324 | 1972 | 1408 | 1127
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SR EEAR N 28 R

£ 1.10(b) ~ b 35 % {8 "% 42 = 1 % 1

35 15 ( 12 m) 2 Y Lz
R - s - s - s
1 1338 | 14.08 13.38 17.6 8.45 11.97
2 1831 1127 | 1127 17.6 16.2 10.56
3 23.24 17.6 19.01 1408 | 19.72 8.45
4 16.2 1831 5634 | 1056 | 9.859 | 9.155
5 19.01 13.38 1549 | 2113 | 7746 | 6549

Ryp & L11E £ 11290 % 53§ & * #iWilcoxon signed-rank test: itz
3;”“ o RAOPE Jﬁ%ﬁ"iﬁ‘é MFE  Shefcypif- AL A7 97
EN RS 5
2 %7iw‘émé.%f“ A KT PR (S Y > dtaL F 5~T8k
2z

-\

# 111(a) ~ o kw2 PR A g 1

#7 5 (Hz) + + B + ¢
% /?'J'?]z 2 24 o2 : =z sy
EL = W v EL £
1 1.35 0.79 1.23 0.76 1.07 0.91
2 1.26 0.73 1.12 0.89 1.29 0.70
3 1.32 1.27 1.30 1.15 1.26 1.15
4 1.17 1.38 1.40 1.43 1.26 1.41
5 1.22 1.20 1.32 1.40 1.25 1.31

Z 1.11(b) ~ v¢ v S "R AFHE 5 g 1*

4 % (Hz) 2 5B L e

= om| X

=R + s - ” - s
1 1.35 1.09 1.29 1.28 1.29 1.08
2 1.43 1.07 1.32 1.29 1.29 1.23
3 1.30 1.27 1.30 1.30 1.11 1.08
4 1.23 1.38 1.23 1.35 1.29 1.41
5 1.30 1.24 1.28 1.33 1.27 1.20
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% 1.12(a) ~ v 3k {4 7% 35 I by 5 1

v %é‘%’&iﬁ 52848 % 1 ¢

P& tg (L m) - + I + 8
1 16.2 19.72 | 9.155 10.56 16.9 13.38
2 17.6 23.24 12.68 13.38 14.79 14.08
3 11.27 14.08 11.97 18.31 9.859 | 7.746
4 16.2 18.31 16.9 14.79 12.68 14.79
5 13.38 19.72 14.79 18.31 16.2 14.08
F 1.12(b) ~ v¢ 3k 70 {5 7% 3% Ik b 5 1
P& 1 (L m) = = B ERRS
S i (s + (% + (%
1 0.25 0.22 0.43 0.21 1.29 0.23
2 0.45 0.34 0.15 0.32 0.17 0.20
3 0.25 0.27 0.13 0.23 0.17 0.18
4 0.28 0.37 0.19 0.30 0.16 0.16
5 0.22 0.31 0.15 0.21 0.27 0.21
S - AR AR T L RERA 0 4G &
FEILIA
3. AT AR TS R JE s L
pUa RERI30 A g AR 18 0 AR 304 48P - X 0 AR 18 304 4R
- F o F ke WY S~ DBEERRE RS FRYEY
THREE LR ER RS R L AR
MM ALAY T E R TUER AR I RER LR Ay

4’3‘20%/ » BRI &S AT L4550
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v %%’&iﬁ 52848 % 1 ¢

21,13 ~ A AR 1 % g 0 5 5 1

47 % (Hz) + M =
=Rl b s b i
1 1.17 1.26 1.23 1.41
2 1.35 1.58 1.55 1.67
3 1.29 1.41 1.32 1.38
4 1.29 1.26 0.70 1.20
5 1.29 0.79 1.32 1.05
6 1.20 1.61 1.14 1.55
7 0.70 0.82 0.94 1.17
8 1.35 0.91 1.00 1.35
9 0.76 0.94 1.02 1.02
10 1.02 1.00 1.11 1.11
11 0.88 1.05 0.97 1.08
12 1.17 1.29 1.11 1.35
13 1.29 1.23 1.29 1.05
14 1.05 1.17 1.14 1.17
15 1.11 1.46 1.05 1.11
16 1.20 1.26 0.70 1.38
17 1.20 0.76 1.00 0.76
18 0.88 1.41 1.00 1.29
19 1.05 0.76 1.41 0.76
20 0.90 1.00 0.90 1.14
21 1.08 0.90 1.11 1.08
22 1.05 1.17 1.05 0.88
23 1.23 1.41 1.17 1.46
24 1.11 1.35 1.35 1.35
25 0.79 1.26 1.26 1.32
26 1.23 1.29 1.20 1.35
27 1.08 1.02 1.00 1.02
28 1.20 1.42 1.52 1.58
29 1.08 1.30 1.14 1.37
30 1.25 1.45 1.37 1.66
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v %%”ﬁiﬁ 52848 % 1 ¢

2114~ AR R AR R 1

(1L m) + B 2
= R s 2 i i
1 30.98 52.11 35.91 37.32
2 16.9 21.13 28.87 28.87
3 38.03 33.1 42.96 12.68
4 30.98 31.69 32.39 26.06
5 23.94 3521 28.17 49.29
6 7.042 14.79 11.97 11.27
7 16.9 26.06 38.03 42.96
8 27.46 13.38 30.28 45.07
9 22.53 23.24 61.97 56.34
10 22.53 37.32 50.7 45.07
11 30.98 15.49 42.25 35.21
12 27.46 42.96 9.859 35.91
13 24.65 28.87 19.72 39.44
14 15.49 24.65 29.58 28.17
15 16.2 14.08 23.24 11.97
16 21.83 21.13 20.42 21.83
17 23.94 31.69 22.53 44.36
18 27.46 19.72 22.53 26.76
19 14.79 19.01 19.72 27.46
20 35.91 47.18 27.46 39.44
21 46.48 22.53 34.51 36.62
22 25.35 27.46 27.46 23.94
23 22.53 30.98 25.35 23.24
24 33.1 33.1 42.25 51.41
25 23.94 26.76 23.24 26.76
26 16.9 15.49 21.83 30.98
27 11.97 3521 33.1 26.76
28 17.6 26.76 20.42 26.76
29 16.9 21.13 16.9 21.13
30 27.46 29.58 27.46 29.58
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