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Unsupervised clustering analysis of human-pulse signal in traditional
Chinese medicine

FENG Bing, LI Shaozi

(School of Information Science and Engineering, Xiamen University, Xiamen 361000, China)

Abstract: With the development of a more objective basis for traditional Chinese medicine (TCM), objectivity and in-
strumentation are growing trends in pulse-taking techniques. However, choosing an objective method for interpreting the
data collected by newly developed TCM diagnostic machines is a recurring issue in the move toward objective pulse-
taking diagnosis. Traditional machine learning methods rely heavily on annotated pulse-diagnosis data; however, in
TCM practice, different doctors make different annotations based on their different experiences in pulse manifestation.
After comparing various feature extraction methods and clustering schemes, in this paper, we propose an improved un-
supervised human-pulse identification approach. In this method, we use the dual-tree complex wavelet transform
(DTCWT) to preprocess data and Mel-frequency cepstral coefficients (MFCCs) to extract features. Before the data are
annotated by TCM experts, we applied the fuzzy c-means (FCM) clustering algorithm to the signal features to classify
thick lines, after which further detailed classifications can be made. The experimental results show that excellent classi-
fication effects can be obtained by this method, which provides an objective basis for TCM pulse diagnosis.

Keywords: pulse diagnosis; machine learning; unsupervised learning; clustering analysis; DTCWT; TCM objectifica-
tion; MFCC; FCM

WeiE B H: 2017-03-23. 4% tH AR B B8 2017-07-02. R R ES T, fE AP ENEZ — k2
EETR: FKHARBEELT A (61572409, 61402386); & s L2 , = _
’ ﬁ%’mﬁﬂﬁng 2011%}51[@Jqé§jﬁ%:$1ﬁﬁ (E%Q%j[;msfjﬂ Yol TR T AR G, LG8 P BRI O T e

75 5); AR AT 2011 Pp ] AH oL — b E S 2K J 4 ik 2 3t 5 B ik 42 & ; =

P A BT ] (AT (2015 ) 39 ), %ﬂﬁﬁklﬁ’]ﬂﬂ(m%ﬁﬁl%?@fn B T AR SR B
BIEEE: 241, E-mail: szlig@xmu.edu.cn. E"J@%’Hﬁﬁﬁﬁj‘*”ﬂfﬁo ':F' EUWZ%U?E@ZW@UQ


mailto:szlig@xmu.edu.cn

54

oK, &5 R BRI AR5 BT B R AT 5 565+

s, 2 P RS S R N B R R A AR DL R AT 25 5%
i — M5 B AR IO 3, FE il P2 B b, ka2 3 3
TARFEE MO, FRAM IS S Bk
i o 2—MAREYES, s 7REAE
AYER . W ERLERE, DK E B b
F A, AR 2290 B L I 152 O RS PR A A B
ol R A5 R R, S B AE S, AT
PAT fp SR B R IR DL AL . BI85 B RE g
R BATHEAT R BIIL W 4 i — LE LAl A 5 8

SRS LISk, Jikag M T = A A 0 8 B
EREFEZIE, AT EUM AN R, fErh
BERIBFSE E o T T e, BEIATTRE X 28] Wi
GAL T — e Pk R (HIRAE I RS W My
et 5B Z X TR R AR 2 AN, 2 5 2 b
I ATk R B89 X 73 b AN TR, At 2 it , P
AR EZES, ki ANERMZ 5, PAE
WL PR 2, A2 S BOKGR F BT AR Pk,
BT K2 19 & WAL, LA B R R % 0, R
— N RAYH 2

B B2 R AL T AR R, BKA2 HAR
ok ME [0] B WAL FIAER AL o SR, Qe o) AL 25 e
A AR B 9 7 B AT AR 332, A0 ST ) T 0k
K22 W BRIl R o PO SERYHLER 7
2] 7, MRHT R R B K2 Bl HEAT AR I, AR
J5 R A B R, M S 2] BURFAE, AT A
R IR LW RS o B bR ) i e
AN, i ME G 5 W B B i B9 0 ERCR:

AR SO B TT vk, R ST BRI AR S o AT
AL PR (L FEL R A —1k), SR )5 SEIBURHIE, %
J5 H FCM JRETAL AT R, K 45 R 5 ML 2 i
ZERPEATII L o ASSCETESR H— D J0 B 0
e I7 ik o TR BE & FR A AT bR 1 2 00, SR
P A5 5 RURRAE, FEAT MR 2, B WAL 2
PRI o SR AR SRR I R dl S8R5 T, R RRAE
PEATHE— 2 ML AL, A BE e ) G B SR 2 b
LIS B A RCR -

1 MXHR TAE

B2 A5 5 BB o et 5, 12 k2 & AL Y
AR, P TAORIALE . K2R SR A SR
0 L B R 0 28, i € IO A 73 26 AR A i
AR BB B, TR UK R AR 5 AR A J7 1%
b BEHR 2 B A R, BB S i
SR IR AT AE — 28 [ B A R, 022 S, X0
FRG B RXE . BT L, K2 i 52 N B4k ad i 78
ISR ik 22 b 45 5 USR8 75 3 R AR Rk 52 14
FFAE AT, DA TDRE A] A 35 X 00 A RF AR AR 5 14 03
o R, O W R 5 8 R e i S

(iElF 7 TR

WE AN, SR T B A B K SR AR A A B P
P () B SR 0B, USRI 4 ka2 SR #E— 20 AL |
BHREL, RZ2H WA T REROIIETAE. 20
AR S A I i 0 AR AR KR 1 L
FE, 4 WU S A AR, Sl A SR T SR
I Wiy 5 1 P 1 R A <1 A7 A Ik 1] P Sl i 2 S5
ZIH AR G . TRAC TSR T WSS E T ERP
s 0 B A TR A S R S 0 2K i, Tk
RS A28 SRR, R BUA 19 Bk HEAE = 2
7R L, L i A S A e A —— s B i
PS8 B B A R B, Xt KA 10 0 SR 2 it
] 5 5 19 732, R R B st RO B8R

TE 28 I 45 532 o FH 38 o R 3 WAL B R
s, IR AALEEAT DK2 R Ak 20 A, 45k T ik —
A BCRAER PR S TH . N T2 M 28 J2—Fh
H G N AR et sh 1 R 48, BaTA A b2 F R
N T 28 I 45 368 Bk S5 R 47 20 AU, B
19T AR ISR Lr B AR I BTN
£ 73 Hr A BP 28 9 25 14 v B2 Bk SR 05 vk, A
FH/INE AR 4 AT 715 45 5 IR 030 19 S 200 75 R0 g
fERIBE ST, $2 1 T A5 Ik G055 (9 /N AL 73 #r A BP
M 28 A A LUK B P EERKR B H A /I
WAL i P B2 3 TR AR 3 5 Y 8 AN 1Y
RSB, BB A5 AR, Bk 5=
i 1k N AL T, SRR A A 4 ol i
%, AR R BCRE AR R Bl AN AR 3 T 45 1T 25
8], T EL 3 P 0N 60 0 il 2 R AT R AR
Z, FRAERLELA ARG AP 45 R . Kb, Zhang
A5 U 38 2oF /0 U 72 e B TR B SRS L, R AT
TORHRL RS, T B A O A R, 4% A IE A
WRIRA T i — LT

SR, 76 L3R TT I, Jo— AN B OB T K
B L O IR PR 1) 40 MR AL, SR 1 IE AR
SCHT AR K, BE AR 2Z 8] IR A 1 25 S B 2 LA
R, XK FNWrA BrA a4 80 ok, Hor
K AN ) B A s T R X B S T
AITE B0 . X RERPIR L, X H AT Y B %0,
BN M E AL, B2 TR Rk
1Al DLAR t —FhJ7 3k, w9 0 W45 5 1
Sy, BB B b BEAT AR AR AR I, AR 3
W RERITE AT S, XM T R —
ABIE M E . 7525 T BT BT IR 2407 e i BAR
R A M B T E AR, T R L SO
T AT R, A R BT B IR A DT C 4 )L R
oy 2R U i — A S 2 iR, AR B R
wHA—E LM E



566 O R

2 IERKY T B KT

SCH R A R AR B BRI A S Y T 8, 2
3 EODBRA R - B Y AL B ARAE AR G
FEFISR R R, 7EIX B, 1 Sk 5 — B Ay
MEARAC T DRAEAF =~ WO AH G, AR5 IR B4
DL —Fh JC B AR, SR T RS
21 EFUARMENETHRNERERZBATE

WK AT 5 2 — P B A Y BE 2 5 5,
B R RGO DL R BN R . KR
R T N i & 28 5 F i A BDIRZS T, B
W T AATTHE SR RS LA S N A SRR IR 2551
TRy R AR AL R, PRRAE S AR
PR PE R TR SR A TR E T
VR R R M BT, AN ] s 4 1) 4 2R 0 2 R AR B Y
KA 5 2 DA R W RS A B T 5 | R B 2 TS
HAl, FELIRRE B9 L BR T IE A AR Z B, /il e
ok o HOENE DL LA W S R
AU gl f Iz N Y S BB D A 4
¥, A I BN A vk DR S BT RS RS 1Y e B
BRI DL R 75 5 I R R 8 S R, Dy S Y
Yy~ ERNER . KT IR BT, A
Y S BT U 52 /NI 738 i v o R AT R 2k R RS
£ BR T AR,

WU & /N (dual-tree complex wavelet trans-
form) MYRE A& e - & 00 B (Kingsbury) R 6 g
L R AE AU PR A 2 B, T TR
AL, (AR B H 5 T — S /N S A A
ik Al LLSE M R (E S, R T —ZE XU 2
AN — TR e

— YERUR S /N

(1) = Y (O) + i (1) (1)
2 Py My g3 0l 2 A2 BOBUIE SE  92 /N .
TR U /N
Yy =y Yy =
[ (X) + jire (O] [ ) + b, W] =
U (Y () =¥, ()Y, (v) +
J1e QYR ) + 4 () ¥, ()]
H — ZE XU 52 /N AE ), BB 52/ N Ry
(O (y) = Y (O, () 3)

XU S/ INIE T3 R T UM 5 4 114 79 5 7%
e, — A8 A R i ) S, — B A R R (1
FI7R ) 125 W R SRR T SN TR 1 )R
350 ik, Q0 2R AR 08 e i ) ) 3B IR AR 55 T —
SKAE AL F, AR 208t ml i 5k DO b AR 1 20—
A HEE S RAT B o A8l DR i JBORIT 25 4t 1) 2R
EIERS

2

B 1 RSN R

Fig.1 Double tree complex wavelet binary tree structure

U ) JACHE TRIA B, X KA 5 ) ZOR U
TR KA AF 5 A8 Pk L Ba, JF B AAT 1L
B Al A o TR SRS AR Y TR — AR AR A
&, BKAEAE 5 REAS PR 45— RE IR S FIAR RE 1k
TEX B 2R AF T, FATT S0 LA 25 BR IR LIRS 1 Ak
13RS5 S b TARE O T BE
22 BETMNEEHRPBRKRESHERSF—A

JEUIG B BRI AE 2 AN IS S R o S A iy B4
A AE B, B RO R 5 5 e R 4 A0 BEAT,
HERE 1, HATWRRS T R B AT I3 — 1k,
HAPEA 2 Bl 32 2 . 12038 s 25 69 73 B AR
B, FATHCRE b kA5 5 AT L WA B SR
PEAT A — it B, FEA ] — e R OB A5 = 4
M7 20 09 T B, R OP AR 5 56 e i 23 2 91 i) 3%
N, SR UL B AR PP AR B — P RR . TR
AL R T, B e TN, AR
{ELI%, WX BR G5 5 b7 — D LM AL B, SR
PEHEAT— DT — A B0 e AR R R 5 —
JHRE N 128 Hz B0 3 R, B (55 2547 Pkt
W25, f ik — A IH — A B,
XHRCE AT AN, SR A — AL Bl J A0 v )k
Befa T K EEHAT I, RJFg—h 128 i, &2
A AR 58 U B — >0 3 R, A AR
FAF T R BE, BN 75 T T R SR PN SR Y
B AEEPAE 68 A RAE MG HNE R 128 R
FE R

1.6
Lar
1.2+ | I'|

®10b ||

Eﬁ OS I | II

o6t ||

[

04t [\ // \
\'.
L

02t )

0 20 40 60 80 100 120
ZR TR

B2 BEFESH—HAOCHER

Fig.2 Pulse signal normalized single cardiac cycle



54

oK, &5 R BRI AR5 BT B R AT 5 * 567+

23 ETFiE/RENE REMHEFERE

22 sk 3 A OB 53 B 1) T B, e ZS
RS M 7 1k | Ad B AR RN S BT AR R T2
R T RS S A AR A A A R T H R
el B 7 L N T 53 BT 3K R 14 R A A O, R
JEYE A5 5 AT BUE 3, B Bk 5 h & 2
4 8 3 AR Al B A o3 i, A5 B () 350 % 10 45 33 AR
b, XFERIE, AU T K55 B 5108 51,
AR I Mo HTAE 7 BKIEAS 5 AR A, DT (i 45 )5 2k
(4 T A ] LA DA HE (R A5 2] A A0 45 i -5 AR 1R A
BRI BEAH SR A DGt ok

AR SR R FH AR IR 431 3 22 B0 B Al 2T L v
JERERIE . FETE S AL BRATUS, /R 15 250 (MFCC)
S — AR H T A B R R R AR
N W38 B R AE 2 5, Mel B B 451 % a4
K () B S5, AT AR MR I, AT A 3 6 15
“CULFRZJE BYRRAE, 5 NSy HL ST SRR AE AH
5o FAUSTE T Y H TAF W Lo B a9 R B B
AT5 AT AR By B B M BE . MFCC X FPARFAIE IO AT
RAYERT, 78 T EX T15 5 098 B & A o & g2
K, X T ARG S WA K2R3 ARE .
It LA MFCC $#1E 5 AR AR L, BAT 4710 &
ek PR AR SOk FH B ok X kg i A5 5 51T
AR B A B

s Hr 0T Lo oh 3 At i, B 5, KRR e
{55 28 3 A HEL I A o A5 380 T 3

X[k] = H[k]E[k] 4
TE P31 B SR XL
log||X[k]l| = log||H[k]|| +log||EK]| )
R A A 3 B0 R L I A £ 5|
x[k] = hlk] +e[k] (6)

AP X[k RIS, e[k]5 hlk] o3 50 22 B35 1 e 4
FGR AT &R 43, b A0 43 h k) UL 2 AR SC
IE D R PERRAE . RSB 18 1t — 4 Mel
U A% AT B Mel S, 7F Mel B35 I 1 4815 19
18133 22 50 RIKVERR N Mel 55 % 813 22 80

MFCC FFAF (R 5, T2 7E 450K A pr il 1R 34
STHUE B . HAARR UL FEAR X A AR £k U A
O30 R A TR A DXk, U U e R H
AR, A AR AR B (A 3) . IXRE A4
S, AT DAFERR AR 119 G e A SRR S 1 A R
LT K2 G5 1E P B2 Wi i e, e T
PhAEt M ATUAT AH SCAR 5 IO AR BTARRAIE o

R S Bk G U AR o R — A A8 R ) [l Rt
T A TR ) ) AL v AR A %) B L v ) O e
— I, B, 7EXF G B BRI SRR AR A ad A
VEPEIT AT 5 24 i BB S I W Ik 42 1) TR 85 e A 1

SR, S — AR . EIX LB MFCC $2 Ui
SRR (ESE NG S =S R B S v N 2

B K215 5 R K T AE .

a 0.3
0.2

o

0.1

0 50 100 150 200 250
S /Hz

B 3 MFCC IFL& ML (ak S5 N o A K RITRS5TER)
Fig.3 MFCC non-linear spectrum (horizontal for fre-
quency, vertical for filter)

2.4 EF Fuzzy C-means (FCM) By E %

FE T 2 B v, 38 S 6 B AT — S AR b
B, ARBOE TR & ERE . AR (AnEl 4)
Wieg — 2 RERERE, ERFSRED, FHT
Fuzzy C-means (FCM) RERH L, © i [F—£dE
BTZAAMEZE, FCM B 15 K-means B 1%
AR, AE T R — A 8088 IF N ol g F — A4

2, MiEnfel| TIL 2.

JikGL Ttk 3 R .
Ji i g Ak H FEAE R H S Suy

B4 BERESMERE

Fig. 4 Structure model of group organizations

fE 5 ) S 2R L T T T E Rl
R, FL R T R A o) AR R 2R 45 R 1 & WL
AN, 12 GEEAS B B 45 R 5 B AR o
B o A SOR RO C #4{H (fuzzy c-means,
FCM) B3k, SEGRREAMLL, 725 W Eittr
THTE. B ST AL RO B ek RO
PAAR A BRAS SR AR s AR R T A 28 00 P 1 SR
B, I LR HE— 25 8 8 X S R TR
FCM 1E A0 i FH A4 BioR H L e AR R 232 Wi Al
H AR AT

FCM Rk MGk, 2B S5k n A x, (=1,
2, -, n) 70N ¢ DERRE, IR R IL AR R
O, 45T R ARALE 48 b3 50 TH AN F R KR, 20X
SR LD R M E R BUA B e/ o RGERRT
% (% K-means H3L55), o] LABOPRAE 208 R K5
% HCM(hard clustering method), 1i FCM & & 5
HCM JX A i B 5 2 3500k 22 [A) Y B 8 X531, 2 7
FCM R HT 1 RO 93] 7, AT fik A B0 265 7 SR
s AEHI0, 1160 35 Jm B2 BE, >R B U9 s B
RERPIR O o 55 T A 28 RSO Jal 23 AR T, 8 14 o
Ferb g B R U W2 i BUEAET0, 1R IR
L5 P i S R R S WS S R €7
) BT R A 21 10 SR J B S RAL SR T 1




© 568 O R

13

C

Dy =1¥j=12,n )

R, FOR T8 TR R ST
JEAE ., HIE, FCM /) H bR R B0t 2

J(U,Cl,---,cf)=2Ji=22n:u,’._’;dfj ®)
=1

s uy BFYBUETE[0,1]; ¢ W RIS BORIHESS 1281
REDLO, d=llex | WEHHE THIEREDOS
55 AR Z B BB L, B A moe [1,0)
M — S5 EomAL
TR FCM B Ar sR U S/ IMEL, 7T LU
SR LT B pR AR, LAHEAT e /MUY SR A
f(U, Cly o CosdyyeeyA,) =

, ~-,cc)+iaj[2u,,—1]=

j=1
S S + Zﬂ_,[z 1]
j=1

A A, =12, o, BTSRRI H 519 n 4>

LA BT ok, WX A WA S & T

R, A2 (9) B /IMEL, 7T LT3
Zu;';x_,-

i 1
= uy=— (10)

7 ¢ d; 2/(n=1)
i 27

SR AT A ANXET B ¢ e SRR
B T LABIR 45 20— il B ) sk AR A o

AR ST BE F 1) S 36 PR 45 J& MATLAB 3817 76
2.8 GHz Intel i5 CPU, 8 GB WA F & T, ALK
R F I RE AR 2 69 44 f R 2 A8 1 Bk 3 4k a3
Hh kBRI B 55 %R 60 ~ 80 YK /min, i 9 2 ) 3
FLOMATTE 0 ~ 40 Hz Y X 8] 3 BBl P9, T A B00908 B9 2R
FENT ) 512 Hzo 8 o FEAALBE, 5 512 Hz
R R AR 3 T 128 Hzo 16 T 40 B A 4o
o, R T IH— AR R I ME, SR E K — A0 3 JE
01 7 B T B A S R R AT R R, B A
Gi— R 128 o R TR TC M R RUR
PPPAL, 0 — b Z 05 M5 5 AT L4 28 bRl
f) 4 Fh LA (AnIA 5), PRI i B 209 07 kAT

FESZ I 38 a6 AN ] B4R AR R, 43 ) 4 P

)

FE T LR IE B B R ARAE (LD). D138 0 B (PSA).

2V TN 9 5 (LPC) ., £ T 2] 1% & % (LPCC)
IR, 5 MFCC 8135 73 B 4R R R AR 647

X b5 ) s o FH A% 42 1) i 38 2 19 5 5 (k-MEANS
KNN) 5#08] C S4H P RCRIET X L

AN AVAN

@KL O)AF2 (I, ()4

B5 BREESHILXERER

Fig.5 Structure model of group organizations

T35, 6 LT SR R R AR
SO o SR B R A(x) BHEIE T 1, Bon x JB T
A RYRE BB R, A(x) BUEIE T 0, WIRIR x B T
A BRI, I T DX I) [0, 1789 55 T pRi
A(x) J& FCM s 5 Y, (H R 2R 3 7 58
FCM 3R J& B LU KA — AR i S, 2 Fr A e A
B A AS e 1 SR B R S FE T AR T 1, Xk
AL, S 105 i) LASRAS U O 25 2R g 2

TESEHG R, WG T SO C S (R A0 SR B 2
T1 B, ST TE A AT, SRR C BI{E Y
SREMERT 1SR, SLRERER, i
JH ) 1% 3 A 25 IBCRR R AE 5 LA R B C S B Y O
P AEAT 2, N T Dk 5 A AR ) o Al A X
(I 1) [y FATTILEE B, 21 58 R s B2 Y 5%
F, RVFRERH C WE R SRR B R T 1, S8
WOR B4 —8E

R1 EREAREBHEFELERITL
Table 1 Comparison experiment of multi-clustering scheme
and feature source %

RETTHMFESE LD FFT LPC  LPCC  MFECC

k-MEANS 362 551 449 435 56.5

KNN 434 536 464 492 57.9

FCMGRIEE=1) 405 710 507 52.1 76.8
FCMGRIEE>1) 449 710 551 521 78.2

AN, B 5T SURBAF Y 3 AR AR $2 IR
7% (MFCC, FFT il LPC), W28 & i 176 A1 [7] i B
K% (FCM, RJEE>1) 00T, X A B k4l
5T R 28R (K 6). T LAWLEEE], 2 H]
MFCC 813 53 A 28 B R 7 11E, e LARERE C (.
MR AT R, £ A R IR S a2k L,
HRARAT T BAERROR .

B MFCC m FFT m LPC

18 17
15 N 14
9 10 10 10
7 6

e 522 5% 3 532 4
B6 3FHFMEARNARBRESHAEBRS LR

Fig. 6 Accurate classification of single pulse signals by
three feature schemes

e 2o




oK, &5 R BRI AR5 BT B R AT 5

* 569 °

4 %5 FE

TEH BRWTIE A, kG2 AR L RE AR B0 14
I EESR IR Z —. — AR HEE, o]
DA o ik G 0 A AR Je, 0 T o i ) R
A7 E AR B A PEAE o BKi2 B9 % WAL 2 v 12 20 0
T g — A AR SCER I — B & LA Y
Jrik, B kA5 5 DU A AL B, SRR
HEAT IH — Ak, P30 2 0 B R AT 1 4R IRCRN 43
B, SRJE A DA KR A 5 PR 000 2o e v Ay i A 1)
i, RN C S E R SR 2K T7 ik, X Bk G
AT M — R MR B AT ik, BT
UEBRATELZNS ST, #7255
SRR o AT LA S A B AR I A B A
Y, AT E— AR TT o

ARSCHE AR T —A T B i kg & WAL 7
ko e R L FON B AT AR TE Z AT, SR I {5
THVRHE, BT AR, R AL SR B A
[Fi) BN, 75 fifp e B2 9 B8 RS DE IEC A [ a8t E, RL o2
A LA T — AN S o2 WA, T AT A
ks WA (Hean 22 ia SR, O IR A
S0 MR, 7E R R RHAUE ST, fEER
e AT B R RUASE 1) R 3l 155 L), T RICRE DI kY
L — L A, T 1Y 48 BT BTIR, 4R 0
RCR, i — 22 Tk

£ % XUk

(1] BREL, PRI B AR 3h7s | Elie iz & AL T
R[], FEARE, 2014, 55(1): 25-27.
WEI Hong, XU Gang. Research on objectifying pulse ex-
amination from overall, dynamic and balanced view of tra-
ditional Chinese medicine[J]. Journal of traditional Chinese
medicine, 2014, 55(1): 25-27.
X, Bk, SR, 55, K2 BTSRRI g
HRAHLS R, 2013, 3(3): 20-24.
LIU Lei, WU Qiufeng, ZHANG Hongzhi, et al. The objec-
tification research of pulse diagnosis[J]. Intelligent com-
puter and applications, 2013, 3(3): 20-24.
(3] B, @t B2 WAL & AR DT[], E Prrb e 2y
47, 2016, 38(10): 869-871.
HONG Guang, GAO Dan. Introduction and reflection on

the current status of objectification of Chinese pulse dia-

2

[

gnosis[J]. International journal of traditional Chinese medi-
cine, 2016, 38(10): 869-871.

(4] ZEGL. WiaE SR AE R GL it A EMEFE (D] K K
HHT R, 2014,
LI Kai. Design of pulse signal collecting system and re-

search of processing algorithm[D]. Tianjin, China: Tianjin

University of Technology, 2014.
(5] 2. BkG 55 53 Fr 5 h BERKGAERURBIAFFE [D]. J5H:
IINRAE, 2008.
PENG Tao. Research on analysis of pulse signal and re-
cognition of the tradition Chinese medicine syndrome[D].
Suzhou, China: Soochow University, 2008.
AR, AR/, FACE). SR NG S E R EF T H
6 TR AT B LT FE[D]. AR HoR—h B 25 LA,
2015, 17(2): 343-349.
LI Na, ZOU Xiaojuan, WANG Yiqin. Comparative study

on Cun-Kou six-pulse diagram between chronic gastritis

[l

(6

and bronchial asthma[J]. World science and technology-
modernization of traditional Chinese medicine, 2015,
17(2): 343-349.
(7] KA. T [ ka2 B i 55 MR 15 5 7 260F5E [D].
MRS IR Tk KA, 2010.
ZHANG Dongyu. Research on classification of pulse sig-
nal and blood flow signal for pulse diagnosis[D]. Harbin,
China: Harbin Institute of Technology, 2010.
FRLLER, EHIA, SRANER, 55, FET/NE a4 BP #h2
PO 235 114 v B ik S TR0 D i (3. S HSEALRL B 5T, 2006,
23(6): 185-187.
GUO Hongxia, WANG Binghe, ZHANG Liqiong, et al.

Recognition method of TCM pulse-conditions based on

[t

(8

wavelet packet analysis and BP neural networks[J]. Ap-
plication research of computers, 2006, 23(6): 185-187.

[9] ZHANG Shiru, SUN Qingfu. Human pulse recognition
based on wavelet transform and BP network[C]//Proceed-
ings of 2015 IEEE International Conference on Signal Pro-
cessing, Communications and Computing (ICSPCC).
Ningbo, China, 2015: 1-4.

(10 EXF, 205, PEpTs, 4. —FhiE T2 A A BE HT

1B Z) YO FRIBEEL ] iR B E 5 B2 TR, 2016,
29(1): 14-20.
WANG Qun, LI Min, PANG Fenggian, et al. A motion-
resistant heart rate extracting algorithm based on TVAR
model[J]. Space medicine and medical engineering, 2016,
29(1): 14-20.

(1] T3 BT R AU A R84 5 A BT R0 58 S H
[D]. PLFH: HrEEERFRA, 2009.

YU Lu. Research and application of pulse signal pro-
cessing methods based on virtual instrument[D]. Shen
yang, China: China Medical University, 2009.

[12] FJR. =Rk SR 5 B R S HORIRPERTFE[D]. K

He KHERE, 2014,
WANG Xin. The relevance of Cun-guan-chi pulse based
on a signal collection system[D]. Tianjin, China: Tianjin
University, 2014.

(13] PREH, W R, 5K) 8, 2. RIKAE S s ik xt b



* 570 -

B OB A

13

AFFEI]. P E P E 2 (E B 24, 2005, 12(7): 16-19.

XU Liming, SU Mingliang, ZHANG Guangfu, et al.
Compared investigation of mathematical analyses for
guan pulse tracings[J]. Chinese journal of information on
TCM, 2005, 12(7): 16-19.

[14] FRILE. JRR(5 5 BRHERR IS 2 2R5I[D]. KF: K

HHT R, 2014,

JIAO Qiyu. The pulse signals extraction and recognition
[D]. Changchun, China: Changchun University of Sci-
ence and Technology, 2014.

(151 SKIRFIE, S U, AR . T AU 0 B 1) kA 155 it

FE). IR ERSR A 22447, 2010, 25(4): 419-422.
ZHANG Weibo, QI Shumin, DU Li. Study of pulse wave
based on frequency domain analysis[J]. Journal of Shan-
dong jianzhu university, 2010, 25(4): 419-422.

[16] FALLAR. Rl i & AR ) 2B T IR FE ], 3L

B 2R 5L, 2015, 32(6): 5-9.
ZHOU Hongbiao. Research of multimodal emotion recog-
nition based on speech and pulse signal[J]. Microelectron-
ics and computer, 2015, 32(6): 5-9.

[17) A8, A H JuA%, T8I B C SRR RIEA

ECHEPEM ], BN 5 TR RE, 2015, 28(5): 452—
461.

PIAO Shangzhe, CHAOMURILIGE, YU Jian. Cluster
validity indexes for FCM clustering algorithm[J]. PR and
Al 2015, 28(5): 452-461.

(18] FEZMR, 207, 281 e, —Fhi% C-HH R

NI XA R 244, 2010, 31(7): 1657-1663.

KANG liayin, JI Zhicheng, GONG Chenglong. Kernel-
ized fuzzy C-menas clustering algorithm and its applica-
tion[J]. Chinese journal of scientific instrument, 2010,
31(7): 1657-1663.

fEE®E I

K, B, 1987 F4, i+ W5
A, EERE T 10 AL PER
Xﬂ’f’to

g, B, 1963 R4, #HdR, 1
A= S, 1, FEHF TR AT
BRE LN HLES ] AL
iz 2y BRI 53000 . e fE FHE
St LI E 28637 H . EFK 1 4%
Bl & H  HE B S AW
H AR AT H A,



