CN 109872817 A

(19)hie \R X FIEE SRR ZIRE

(12) PR E FHIE

%

(10)EIFATS CN 109872817 A
(43)ERIEAFHE 2019. 06. 11

(21)EiES 201910150800.4
(22)EiEH 2019.02.28
(THEIEAN SEMNIHE2ERT
itk 360000 A SR N T F X ARIEER
#7398
(72) XA AN X7
(74) EFRIBANA A2 M E W AR AR FE R
/] 35211
RIBA BWE
(51)Int.CI .
G16H 50/30(2018.01)

A61B 5,/00(2006.01)
A61B 5/021(2006.01)

BORIZERALIT BB 900 B 20T

(54) %R & TR

— T 2 D] 2 4 2R X 4 1)L T v
(57)E

AR ATF— T 2 R 32 28 % W 4 11 1.
FETRI 572 F P A NFEARE BB K 5 1 A
SRR B 0 8 5 1 Dy i B IR 24 R T of R
T o ) FH B A B9 SO0 T 4 LS TMASE Y A i 1
J T 3 M 5 SR8 1 , XOE 8 1A 5 2 A
] o 32 F B 22 AT 45 2 ST 38 3k 1 1 79 00 368 i ) A
A s O DAL P I P y 1 5 S TR 38 TE
T ok 5 1 S IR P B 0 5 TS R A
TIAE o , A B BT 4 4k 0 F9000 1f e 1) 7732,
FOE L U, 5t T DA CSCAR A= i ST A5, SRE— 5
P i ot R T BB e I R, T B B A {g B ) B
i




CN 109872817 A W F E Kk B U1

LT 2 R R 2 R I 28 10 I TR 77 v, FORRAEAE T FoAFE DU 2P 3R

AL G B BB X1 = [x11,x12, -, x1n], 5% FHELA A S0 38 0 LS TMAE
JR SR ERC AL s o 0 36 T R = A H b3

IR, BN 5 SR I PR B X2 = [x21,x22, -+, x2n] , 5K LA 1 XU 8 T I
LS TS 7R 5 IS o K 4f o000 368 T gl 2= H b

A PR3, I JEAG 5 B0 $R S I Hs T AE 5% 1 v FRINAS DR 3R 2t k5 19 38 FH P
ZIK%%‘%%'?b,N%ﬁﬂ:%@%ﬁ:

B4, 1L T 0036 TS R = A s I S O T = i HH ha R AR B R D

Eﬁiﬁlﬁﬂ%/\ﬁmﬂ%eluuéﬁlﬁﬁ#@éfﬁe#%uﬁﬁﬁl‘ﬁﬁ}:iﬁuﬂjh&frﬁ NSV

hs=Relu (hsWs+h4T+bQ) (3.3)

Forr, W R op I He T 00308 T s == i R0 BB, T2 73 I 00 40 9 00 308 I e 2 i 4 )
B, QRN FEAAE BRI

A PR5 , N R G2 A 0] YA 45 3] 10 He ToUIuAE AN e s e, 1H S A R

y1%k—=hsVi+by (3.4)

yok=haVotbs (3.5)

Forp Vg I T e M 0] U 22300, Vo I e i ToU I %) 26 44 [B] U9 2350, b 12 1fi &
DUERT D 22 , D2 IS 7 5088 TR PR O 22 5 v 1 27 I FROMIMEL , y2 3 7= T I EF 5 i Tt g

2 AR FEAUANEE SR 1T i — Fofr 5 - 22 PRI 30 4 2 O 288 1) ML J00I 075 7%, FLARRAEAE T 2D R
2rR BRI O BB AE N R

3 ARFEAUANE SR 1Tl ) — Fofr o - 22 PRI 3R 40 2 I 288 1) ML s 00 075 9%, FLARRAEAE T 2D R
SRS B RAIEH P EAME B ISR FE , P EA(E B ASEFRE M A BML. & &
A EE IR 155 O R 7 0 W R 7 0

4 FRAEBRE SR 1HTIR ) — e - 22 PR 38 4 R I 28 1) I F00 07 4%, AP AEAE T AP 3R
3 HARDIRANT -

A BRS 1, SREUELHE &S SRR 2R B s i S i H (5 S

PR32, K FH RORBRAR R R B 4a A5 B8 v &SI R 3R s 5 1M £
EROREESEDNAN

A PR3 .3, WA RER R 32 Hdh vh ol UM 5¢ RS BINAS PR 2= Rl S 15 2 H P AR B
LR, G A~ F

b =Y>_, data, * pear, (3.2)

Hr, datanfRFE MR, peara I HEn /NI Z X B AHOC RECK/MEFTE 240+
s B A5

5. AR BRI ZLR 1T IR 1 — Fh 2 T 22 DR 28 2 28 W 4% 140 I 1 YL 5 92, HARRAEAE T« 2D 3R
SHINIIHUE AT .




CN 109872817 A W OB P 1/9 7

—MET ZERLRMERMEFTUNTG A

BRARGUE
[0001] A BB Jo—Ahdk T 22 DA 2 2 R W0 2% ) AL S0 7 v
BREA

[0002]  ifn e AG I o, BF 9T 41122 RO E S AR KA (PPG) M2 L kA% St 1] (PTT) B30 ks
FL ] (BCG) M | I A s i 107 8 3 sk N\ A 2 B 5 Sk il PN S N PR I s A o %o T3 286 1 s A
T2 P2 (R AR A £ [ Y AR AR 10T S kg ML (SYM) 77, S el 0 (SVR) 87,5619
T2 2 190 IR I v TR A 1B U (TGMR) 73k 207, 2o R g & 121 22 At ik (12] A 4ok P
HeHL AR R (PPG) , J T35 A AL N & (LSTM) J1 & HY T — Fhisn A BE , Ay 52 2 ) ok afiL [
B, SCHR (131 R H T 8 I E i ab 2 77 i Two—stage Zero—order Holding (TZH) Zb¥ fik
AL A (PTT) , 2 5 TLSTMIE B G L, JF S5 AR Gu 2 [l A 7 vE X bE L 4 vy 17 I Ay DU
(RRE BBE S SCHR (160456 B 1 2B PR (R VAR Y iZ A R 45 5 T 150 25 RN B ASPTTHRFAE Sk 52 4 At A 1
FH P L AR, SCHER (23 DB IR FE (S &M 4% (Deep Belief Network) 51\ LR AR 4k i, Sk
[24] 42 HBLARRAE [ AR 8 2 2] VORI 5 3RS R BLURHE 7] 2 5 B bR ifi e 2 18] 1 52 2%
JELRAEIC R, SCHR (25158 HY — P/ NIk A 28 X 48 B335 AR B PPGAS 5 B 7 58 B 1Y) I IR i T LA 42
EOUAC 4 s AT 5K R o DA I A A B 9 01 P 78 945 5 R S B I o 50408 () £t U A58 R Aty
g5 S P I H IR G AT VAN 24 B P s A T 3E IR HRAS I, X6 P AT SRR T, X
RITIE TR B A RN R, ToE 3w il i 28 A4 Ol , BES2I R B A5 280 1) I 2 5 TR
i

XARNE

[0003] A B H BAE T AL —Fh T 22 DR 32 20 28 0 4% 1) 0L T du g v
[0004] AR HRFHIHEIR T &2 -

[0005]  — 3 T~ 22 [R] 2% 28 2= 0 4% 1) A s F000 7 92, HLAHE DL R 2B 3R

[0006] BRI, % AT B B AIME X1 = [x11,x12, . .., xIn], 5% R B0AG ) 003 18 T4 0 )
LSTMAS ZR S5 11 s 903000 368 3 B i, 2 0 HE h 3 5

[0007]  JPR2, HI N5 IR BRI P 3 dEX2 = [x21,x22, -+, x2n] , R FH LA B U0E TE il
DUFRT LS TMASE 2 SR BN 3 5408 0 000 368 3 I il = i Hh b 5

[0008]  DIR3, M 4k I FHE B A a2 B 5 1 T AH 5 14 v FONAS (R 2= 2 dia ik & 45 21
FUREARAE B R, NAK T 20 54 .

[00091 R4, ifn ks T3 18 B 8% 2 Bt hs I 5 F9000 3 30 e ek 2 it ha L A5 LR
ROHBAREE S H K FRe LubR AT AR 2R ME 0S5 B Ba sl =46 i ho , THE AR -

[0010]  hs=Re lu (hsWs+haT+bQ) (3.3)

(00111 Hirbr, WaZ 7 IfiL s e 168 5 = i HH RO AR B, TR B 5040 O 00 368 3 o ek =
H AR, QR R ARG B RIAE;

[0012]  DERS5, 3 FZe 1 [R] Y45 21 i o FROmE ATy 77 00 s uAeE , vH 5 A X -



CN 109872817 A W OB P 2/9 T

[0013]  y;k=hsVi+b (3.4

[0014]  yok=h4Votbo (3.5)

[0015] e, Vi I e T ) e M [m] V= 22300, Vo I8 7 008 T 7y 2 12k (=] VA 22280, b L I
JE T ) P 22 5 D2 B 2 B840 TOUI PR s 22 5 v 1 227 TR P 5 v 28 7 ToUI e 5 s Tt o
[0016]  dk—Ph, B 4R2r HAAR G A P IO 3 BB AR I 5k

[0017]  gE—BHh, IR IEAAS B R OHE M PG B LSRR, H A EAEFEA
RS 5 [N VIS =" N QN 25 - TN T - R TN L 3 AT

[0018]  gt—Ph, IR BARD IR T -

[0019]  JBHR3. 1, 3RHCELHE &N SRR 2 £ s (1) SR 4 FH A5 B 280

[0020]  JBUR3.2, K A /RARAOC REEH R IR I6 A5 B AR T & R R &= 2k 5 1
JE BB A OCAE RA,

[0021]  JBHR3.3, &SIk A = dl rh s UAH OC R BB RUNAS R R B 15 2 H PR A
FRLRD, FEAXMT

[0022] b =3>_,data, * pear, (3.2)

[0023]  H,datanfRERFEnNHFAE , pearnfUEHn N F 20 M AKX RECKMMETE &
b i o B

[0024]  sgk— P, B PR3N HUE N T

[0025] AR BARAUL EHEARTTR B PN N FEAAE B B LS I A SR s ) &
i (0 2) AR BER 25 A B T 0 H F5000 , 5 0 Ay AH D IS 7 02 5 40 1) 0 245 2R R Asi Y
Hs I T A R =B A P RSk — R ez £t , 78 0 AR K . He I S 5i# F - (4R
A I8 25 I s FITI o AR FH I A PR U368 T 000 £ LS TVASE 28 T2 s I o o 00 368 6 0 3 0 e
TH , SUUIE S AR J 2 AH ] o i FoT 00368 0 ) FH 0 B o S IE X = [xans xazs .o X 1n] TR AL
JR ARy 1 5 BF 7 T 000 368 3 38 ek 55 i e SR T ) 7 I B 0 X = [x21, x225 . . o Xon] TR 7
AR TNE y 2, 128 I 24555 % 21 o F P i T, g mT DA eS8 AR v ST 08, SR — 8 1 ity
Jiti 0T B A3 I R VO 5 15 1) B g B () H 1)

B [=115¢ BR

[0026]  DLT 45 & Bt A B A iz iy 00 AR A B it — 2D PR B 5
(00271 [ 19 AR i WY SR KD I 28 A R 5 g 7R i ]

[0028] 29 A K W ) ZAE S5 Ron

[0029] K391 & 5 Lo AR AT LR i

= JENSL) G

[0030] I 1-32 — P, AR W St — P 2 DR B AR -LSTMRA 2%, K5 P (1 S N AR
S AR I P AR SRIBR ) IR P 0 B Kt (o 0) A D A B ERL 3R A P 3 L P 000, (A 7R 7 T
F A RN S AN AN R AR SISy D00 B 500 AR B 152 8 O ) R SR o 00 B i 11 90 5

AT DURR AR RS IR B A R 2B 1 TP AR OR — R A e R e » £ TN AR R o s B 52 iy
R F P BRIRZS s 45 ot s 00 » SCRAR T E SO AR K B Cues-LSTMM 5

[0031]  4n &l 1 o , 5 i BH SR FH B (17 LS TVUUUER T T ASE 784 25 #4) , 12 A5 5 00, 46 X008 3 T

4



CN 109872817 A W OB P 3/9 T

S 0 AT e S S8R PRS0 L FE ALK = DXt e
o) T T <5 UM X085 LRSI P S X = (o2
on) TS 88 T Ly, — 4 TBURA I A - 0 05 A5 99 B L OB
M N R0 R IR R 2 55 V1600 BB AR 2 7%

[0032)  Jhefr, FHL P HOA A (3 LA T LA 5 PR 0 BARSGH JLAVER 6 B I LT

ER7RE Wi, 275k Float % {&
pEF e € IFE Float ¥
B B Float {8
HPEAER 1 51l 0/1
R Int {8
B Float {1
BMI Float #{&
iR Float i {t
B H Float #({H
JiE R Float % (i
PRy 2431 0/1
p st VG 0/1
A2 T A 0/1

[0034] 151 A SR F P HEAAE S

[0035] 75 B 5 v BAR AR AR -

[0036] (1) A Hic X = (X0, Xo] 383t XUZLSTMIG 45 , it i Hh &5 SR BEAT 45 43, 40 45 31 i
AT P 500 388 3 o i = ) i 4 ha ATh, 3 2 38 HIRe Tu (x) =max (0, x) SKEEAT AR LR
I o Relux i # 7p A 22 e i) B H D 0, SR 1 i 0L il LK) 5 A= A PR e TufE REAT S [ A% 4k
TR R ST RRE A 6 TR E M4, sigmoid Ml tanh 7E S [ AERR I, IR ) 2 th
BURR LT R O o

[0037]  (2) XF T H 7 B AT BRI AL B, JEUUG Kcdls v B 55 224> 5 1 s 5080 AR S B A
A B SR B R AR O AR B TH SR S I DR 3 Bl i s AR PR AR S R T B
JRER G 1) AR P RS B R KA A A s S 10 sk 107 21{E
RTS8 HAH R REORAN , W S UM SR AR BB IR AT 7N R 3 12 A 5K (3.2) Bl 15 2R R
R SEAAE S R Do [N, P AR AEBEAT R BRI BN, 2255 fE TR 3 2[RI ER PR A 520, U, 7E
TSI, 8 FE A L 5 1 AR SGHE RN 2 A 2, BATT R S IR LU A D9 — N PR 3R 3t e
5 R EL I AS B SR L B30 1 DR 2R AR A ade B R S X A R )11 23 R T4 o

cov(x,y) E(XY)—E(X)E(Y)

[0038] p(x' y) = O'xay - \/E(X2}—52()()\]&'()/2)—52(?') (3' 1)
[0039] M, cov (X, V) ARRXAMYII W5 22 , oX, oV 73 BIAAR S B HIARHEZ o
[0040] b =Y>_,data, * pear, (3.2)

[0041] M, datanfUR D FAE  pearnfUR SR Z K B AHSE REONMEFTA &



CN 109872817 A W OB P 4/9 T

Kb P Ee

[0042]  (3) 7y I F Fo 0 368 0I5 0 J2= i 4 b« INF A T 00 8 e =t ha L B AR5 R 2
OIS A IS M B8k 2 R e s E AN IR L AL , (A3 A AL RE 8 R 2 251 S 1 E 15 2.
BEAT IR B o R IR B 5 AR K PR e LuoReEAT A e M i 15 B RS fay i hs, WA 3K (3.3)
25 B5H (R IR A S I s T AS s ML s 53 i SR BBUCRFAL ) By A5 L SR BB ) 03 v i H
RFAIE o B5¢ i o7 FH 2 P TR VA ok A5 81 i AN e 28 2R 0 PO, AR (3.4) (3.5) .

[0043] hs=Relu (h3Ws+h4T+bQ) (3.3)
[0044]  yx=hs5V +b; (3.4)
[0045]  yok=h4Vatho (3.5)

[0046]  JLHR, Vi, Vosdy il A il i ATES 7 28 2 B a 26 PR [/ 2400, b1, 253 il 2 e AT 180
.,

[0047]  "RHPERAS i BH B AR TAE R ER ARG 50PA -

[0048] A BH ) AR & BH Cue s —LSTMIA 48 HH I 3 B0 408 0 328 438 35 4, BF e B30l 0 4 0 SR IR
Bl 00, 2 U T L4 R O R AR 5 I AR BB A , Sk [50] @ i i 5
T NI &5 s A8 A 5 00 SR AR AN, 22 1] 1) 9% ZR0E W I T AR Ak 5 00 R AB AL A 1R KOG BEME . RIS TR
R R BE S B0 A R O BN R ) AR A S S T B 3 AR Ak F T DL HE O FR AL
R AR A A AR I AL o X6 T35 R 2, S0l 5 40H e R B R SR B P IME X T 3K
o IR AR I AR AL R BRI T, NS A R PR 2R R - BT LR O R AE A PR R
[0049] A<k BH AR A rp A (S 2R RbAI A& F PSR AE B AR, P AR S
SEVEE A P RS B S BRI, RN T &R AR I AR IR R R
e 1% PP B BEn K ISP 8RR AR N IR 2R R

[0050]  SEZEGIAIE

[0051] S0 Hd B 46 — 50 40, Hodb B AR B0 B0 4 &7 7k IR VUS4 T 5 B 3 28 R A L 36 0
RO E s AP REARE E LRI CFE AR A B B = AR EE IR 265 15 00 T 1 10 I
THIE B« 2 75 B8 1E 12 3 SEIEH K 3 HE 72 2 B B 1904 F 72201 74F (1) 4340 if s i
2077425 MM EEHRE , Forp AN ARG B 52 IA 131N, A4 9256 1% F A5 Bl 52 B
FA P R4 e T, 3 151625% 1 & 204

[0052] S EG & SR VEM 7 ik - T 25 SR () VA0 3 ST 3 48 X6 % 2 (MAE) Ry 7 i iR %
(RMSE) , AL (3.8) (3.9) , MAERE AR LF 14 S B T L 5% 22 (1) SE B 17 4t , RMSE FH K 4y = J i
H-5 B SHE 2 AR 22

[0053] RMSEzJ%Z?:l(yi—y; *)2 (3.8)

1 o
[0054] MAE = EZ?’:ll(yl — Vi *)l (3 9)

[0055] ekt R FE Y ELSAAL v FR T IR T
(00561 AN Jy S B AT L

[0057) 2462, AR B R AR T 3RO 2 2 S/ R A3 7 290 3R
LSTh-c 1) £ 7 5 H 256 TMLE L FE SN 0 56 8, SED A P2 A3 A L OO I
S5 L P TR YT Mo L ~L ST 5 20 L T 0 4 4 875



CN 109872817 A W OB P 5/9 T

50 A S TG 14 B 0 2 540 1 50 N 2 I TN 7 4 A 52, [RD B Mu T €1 - LS TMAR Y L
LSTM—c 1A 2R 34 SRAB B FH &7, AN N2 B A A P 7 T R AL, —&Mul t1i-LSTMRLRY SR FH 2 4T 55
NERI 5 2K K0 26 5 1 2540 2 TR Bk 1) R B 0% R FH T I T, 76 R AN N R A o0
A AR 2 5 L B I 5 AR T 2, i — 5 T, BAAMul ti-LSTMARE RS Hh A 0 %
HHEAERHHBIN 2, A LS TM-c 119 28 4l Bl (K 38 N4 22, (H 000 28 TR 38 ) e = 44
A5l 153 2L I R BCHE AV 0 T AR 0o 2R R R AE, B LAMul t1-LSTMASE B 200 2R 6 4 o A B
Cues—LSTMPK £ IfiL = Tl vEE iy 52 262 vy 1AM Y, 2 Bl A BH Cues—LSTMM 2860, 75 14>
NFEAAE B LA S SIS 7 0 &2 25040 » i s T AN A B it e B 9 AR SRR A, R R T
A AR ORI DA 28 2 M RHAE , BE 2R 1 AR BP0 A 8 P A B 57 R R 3R
FL[R) AR T o F F000 o A R Hp B IR 2R IR R S 0 2R, I Mu L £ 1 - LS T 4% 5 B AH 45 A% Bt
LSTMPR 28 4 BB 4 () % 5, H931F B AR % BH Cue s—LSTMAR I 3 B0 P A T LA i 00 2R 080

- 4 LSTM- Multi- Cues-
JiilNE R
LSTM cl LSTM LSTM
- MAE 4.647 4.615 4,612 4.529
[0058] RFIR I
RMSE 6.204 6.167 6.138 5.967
MAE 9.639 9.633 9.628 9.624
W4 s
RMSE 12.831 12.791 12.793 12.751

[0059]  ZR2AN[F] 7 Tt 45

[0060] A HIR LA 4R TT % % P IS NEEARAE B BL LS I Hs AH SRR A B e 0
i (0 2) AR B PR 25 A B T 0 H F5000 , 5 0 Ay AH D IS 7 02 5 40 1) 0 245 2R R Asi Y
HAs I I RV R B AR RO — R IT A S s , 76 000 H AR K I I 2 Ji# F P IR
AN 25 1 TN o R FH B0 AR U8 3 00 AT LS TMASE 24 T ot I s o 0 3 3 0 e ot 000 3
T8 , U8 TE TAF 5 AR R o I T 38 18 ) B 3 BA 0 W IME X = [xi1, xa2s .« . x1n] UM AL
JE FOIAE v 5 B T30 368 3 3 et 5 i e S Bk AR s o I B B Xo = [ o1, X225 .« . . > Xon ] TRIES 7
B m WA y 2, 32 I 2 AF 55 57 20 o AR R W B S AR 1A 30000 1M Hs 16 D7 9%, FH P 3l T ulAge , sk
AT DA AR AR i ST, SRH— 7 P it it R T B S 3 I bR » 38 1) Sy AR P H )

[0061]  Z35 ik

[0062]  [1]iseyl. € [ R RS 72 518 M R oLk 2 (2015) Mgz [T178 77 %%k , 2016, 38
(6) :525-529.

[0063] [2]Sparrow D,Garvey A J,Rosner B,et al.Factors in predicting blood
pressure change[J]Circulation,1982,65 (4) :789-94.

[0064] [3]Reckelhoff J F.Gender differences in the regulation of blood
pressurel]J] .Hypertension,2001,37 (5) :1199-1208.

[0065] [4]Golino HF,Amaral L S,Duarte SF,et al.Predicting increased blood
pressure using machine learning[J].JObes,2014,2014 (5) :637635.

[0066] [5]Criqui M H,Wallace R B,Mishkel M,et al.Alcohol consumption and
blood pressure.The lipid researchclinics prevalence study[J]Hypertension,
1981,3 (5) :557-565.



CN 109872817 A W OB P 6/9 T

[0067] [6]Hartung G H,Kohl H W,Blair S N,et al. Exercise tolerance and
alcohol intake.Blood pressure relation[]].Hypertension,1990,16 (5) :501.

[0068]  [7]Z= i, BT~ R HUAL R KA 1K s P20 BTk 78 55 S I [D] . A6 5 il i K%, 2018.
[0069] [8]Povinelli R J.Time series data mining:identifying temporal
patterns for characterization and prediction of time series events[M]
Marquette University,1999.

[0070]  [9] E 5, B2k . B B AR ] RS (HMM) e 3 R [T 9 R R 24 Bt 244, 2009,
30 (4) :42-44.

[0071]  [10]Chobanian A V,Bakris G L,Black H R,et al.The Seventh Report of
the Joint National Committee on Prevention,Detection,Evaluation,and Treatment
of High Blood Pressure:the JNC 7report[]J].Acc Current Journal Review,2003,12
(4) :31-32.

[0072] [11]Niiranen T J,Havulinna A S,Langén V L,et al.Prediction of Blood
Pressure and Blood Pressure Change With a Genetic Risk Scorel[]J].Journal of
Clinical Hypertension,2016,18(3) :181-186.

[0073] [12]Yoon Y Z,Yoon G W.Nonconstrained Blood Pressure Measurement by
Photoplethysmography[J]Journal of the Optical Society of Korea,2006,10(2) :91-
95.

[0074] [13]Lo F P,Li C X,Wang J,et al.Continuous systolic and diastolic
blood pressure estimation utilizing long short—-term memory network[]]
.ConfProc IEEE Eng Med Biol Soc,2017:1853-1856.

[0075] [14]Ghosh S,Banerjee A,Ray N,et al.Continuous blood pressure
prediction from pulse transit time using ECG and PPG signals[C].Healthcare
Innovation Point-Of-Care Technologies Conference.lEEE,2016:188-191.

[0076] [15]Forouzanfar M,Dajani H R,Groza V Z,et al.Feature-Based Neural
Network Approach for Oscillometric Blood Pressure Estimation[]J].IEEE
Transactiohs on Instrumentation&Measurement,2011,60 (8) :2786-2796.

[0077] [16]Hsieh YY,Wu CD,Lu SS,et al.Alinear regression model with dynamic
pulsetrannsit time featuresfor noninvasive blood pressure prediction[C]
.Biomedical Circuits and Systems Conference.lEEE,2017:604-607.

[0078] [17]Liang B,Duan K,Xie Q,et al.Live demonstration:A support vector
machine based hardware platform for blood pressure prediction[C].Biomedical
Circuits and Systems Conference.lEEE,2017:130-130.

[0079]1  [18]BHBEAAR , skaBrieg, sk 4, KRR ES , 38 - . B T~ SVRA e s bk ifn & Pt [T ] Ak 3t A=
I THE,2016,35 (3) :267-271

[0080] [19]Sideris C,Kalantarian H,Nemati E,et al.Building Continuous
Arterial Blood Pressure Prediction Models Using Recurrent Networks[C].IEEE
International Conference on Smart Computing.IEEE Computer Society,2016:1-5.
[0081] [20]Lee S,Park C H,Chang J H.Improved Gaussian Mixture Regression



CN 109872817 A W OB P 7/9 T

Based on Pseudo Feature Generation using Bootstrap in Blood Pressure
Estimation[J].IEEE Transactiohs on Industrial Informatics,2015(99) :1-1.

[0082] [21]Sadrawi M,Shieh J S,Fan S Z,et al.Intermittent blood pressure
prediction via multiscale ehtropy and ensemble artificial neural networks[C]
.Biomedical Engineering and Sciences.IEEE,2017:356-359.

[0083] [22]Kaur G,Arora A S,Jain V K.Using hybrid models to predict blood
pressure teactivity to unsupported back based on anthropometric
characteristics[J].Frontiers of Information Technology&Electronic
Engineering,2015,16 (6) :474-485.

[0084] [23]Lee S,Chang J H.Deep Belief Networks Ensemble for Blood Pressure
Estimation[J].IEEE Access,2017,5:9962-9972.

[0085] [24]Lee S,Chang J H.Deep Boltzmann Regression with Mimic Features for
Oscillometric Blood Pressure Estimation[]J].IEEE Sensors Journal,2017,PP(99) :
1-1.

[0086] [25]LiP,Liu M,Zhang X,et al. Novel wavelet neural network algorithm
for continuous and noninvasive dynamic estimation of blood pressure from
photoplethysmography[J]Science China Information Sciences,2016,59 (4) :1-10.
[0087] [26]Abbasi R,Moradi M H,Molaeezadeh S F. Long—term prediction of
blood pressure time series using multiple fuzzy functions[C].Biomedical
Engineering.IEEE,2015:124-127.

[0088] [27]Box G E,Jenkins G M.Time series analysis:forecasting and control
rev.ed. [J]Journal of Time,1 976,31 (4) :238-242.

[0089] [28]Wu T H,Pang K H,Kwong W Y Predicting Systolic Blood Pressure
Using Machine Learning[C].International Conference on Information and
Automation for Sustainability.IEEE,2015:1-6.

[0090] [29]Li X,Wu S,Wang L.Blood Pressure Prediction via Recurrent Models
with Contextual Layer[C].International Conference on World Wide
Web.International Wotld Wide Web Conferences Steering Committee,2017:685-693.
[0091]  [30]Sparrow D,Garvey A J,Rosner B,et al. Factors in predicting blood
pressure changel[]J].Circulation,1982,65 (4) :789-94.

[0092] [31]GolinoHF,Amaral L S,Duarte SF,et al. Predicting increased blood
pressure using machine learning[J].JObes,2014,2014 (5) :637635.

[0093] [32]Cook NR.Use and misuse of the receiver operating characteristic
curve in risk prediction[]J].Circulation,2007,115(7) :928-35.

[0094] [33]Lydick E,Epstein RS,Himmelberger D,et al. Area under the curve:a
metric for patient subjective responses in episodic diseases.[J].Quality
ofLife Research,1995,4 (1) :41-45.

[0095] [34]Gevins A S,Morgan N H.Applications of neural-network (NN)signal

processing in brain research[]J].IEEETransactions onAcoustics Speech&Signal



CN 109872817 A W OB P 8/9 T

Processing,1988,36(7) :1152-1161.

[0096] [35]Graves A.Long Short-Term Memory[M].Supervised Sequence Labelling
with Recurrent Neural Networks.Springer Berlin Heidelberg,2012:1735-1780.
[0097]  [36]ZEZE, S KMy, B , 5 . Fh T AR Ptk 5 A% AL ST U 199 28 11 175 J2 43 At L] Hh 5T
5 E24],2015,29 (5) : 152-160.

[0098] [37]Bottou L.Large-Scale Machine Learning with Stochastic Gradient
Descent[J]2010:177-186.

[0099]  [38]Zhang X.Regularization[]J].Encyclopedia ofMachine Learning,2017,53
(6) :845-849.

[0100]  [39]ToffeS,Szegedy C.Batch normalization:accelerating deep network
training by reducing internal covariate shift[C].International Conference on
International Conference on Machine Learning.JMLR.org,2015:448-456.

[0101]  [40]YaoY,Rosasco L,Caponnetto A.On Early Stopping in Gradient Descent
Learning[J].Constructive Approximation,2007,26 (2) :289-315.

[0102] [41]Srivastava N,Hinton G,Krizhevsky A,et al.Dropout:a simple way to
prevent neural networks from overfittingl[J]Journal of Machine Learning
Research,2014,15(1) :1929-1958.

[0103] [42]Feelgood,Steven,Schaefer,Gerard A.Dealing with Missing Datal]]
.Research Letters in the Information&Mathematical Sciences,2002,3 (1) :153—
160.

[0104] [43]Min-Ling Zhang,Zhi-Hua Zhou.ML-KNN:A lazy learbing approach to
multi-label learning[J]Pattern Recognition,2007,40 (7) :2038-2048.

[0105]  [44] -3V & . BT Xl o A B2 () SR 2R B 7 [D] . 280K %, 2011 .

[0106] [45]Aristidis Likas,Nikos Vlassis,Jakob J.Verbeek.The global k—means
clustering algorithm[J].Pattern Recognition,2003,36 (2) :451-461.

[0107]  [46]yL¥E, XTE , M2, 5 . — P TR i B IR R R EE [T EAL TR S M
H,2007,43 (31) :175-177.

[0108] [47]Schikuta E.Grid-Clustering:An Efficient Hierarchical Clustering
Method for Very Large Data Sets[C].International Conference on Pattern
Recognition.IEEE,1996:101-105vo0l.2.

[0109] [48]Pratt L,Pratt L,Thrun S.Machine Learning-Special issue on
inductive transfer[M].Kluwer Academic Publishers,1997.

[0110]  [49]Caruana R.Multitask Learning[J]Machine Learning,1997,28(1) :41-75.
01111 [50] XUy, 2550, AE R AE , 55 I He 28 i) R 4 (0] i 12k vy I s 28 5 A TRI W 4 1
B 50 S0 FR R RN KRR T] . pEE s A&, 2015 (11) : 1076-1079

[0112] [51]Billings S A,Zheng G L.Radial basis function network
configuration using genetic algorithms[M].Elsevier Science Ltd.1995.

[0113]  [52] &%= 8 . 2 4H S R B L & AN T VA VR S N A [D] . B s R B R 2,
2017.

10



CN 109872817 A W OB P 9/9 T

[0114]  [53] D'yt g BEE B =7 5 BT 55280 (D] . b RUsgil Ko, 2017 .

11



CN 109872817 A W BR B 1/2 5

:_ M e

|

: — 7

I X Xa

I Xp X2

EEEr e mep——

I o —

| | X Xon

= -

| KI5 |
forward background
_.. .‘- [ —

K1
Taskl Task2 Task3

Output Layer

m Hidden Layers(shared)

Input Layer
Input] Input2 Input3

<2

12



CN 109872817 A

i

1z I

2/2 71

data

180

160

140

120

100

80

60

40

20

—e— Diastolic pressure/mmHg

—a— Heart rate/bpm

+— Systolic pressure/mmHg

1 2 3 45 6 7 8 91011121314151617 1819 20

time/d

K3

13




patsnap

TREHOF) —METZRILEZMNEHMETN S E
DFH(RE)S CN109872817A NIF(AEH)A 2019-06-11
BiES CN201910150800.4 RiEH 2019-02-28

FRIFRE(RFR)AGE)  RMITBFEBE
RF(EFR)AGE) FINITSE B

HARBEEAR)AGE) RMNIBEZE

HRIRBAA x5
REA x5
IPCH3ES G16H50/30 A61B5/00 A61B5/021
RIEA(F) BEE
SNEBEEE Espacenet  SIPO
RE(F) ""i&é& """"""""""""""""""""
EERAF—HEFSAELERNENONETNSE , BROMIARE :
EEUREMERXBNNFURREENHDREERTFOERN,
FAMAEHBETNHLSTVER R K mEFRNBENN FRuEs , |~ 7
WEE TEEEERE. iZMA0 2055 Y8 i E TN EE R i 4 m |T2_4
EMNERANOETNEY ; NFRBEEdshEXRONFUE || | |
BUEFOU R BRI Ey2 | RRPFFRENTNMENTE , AFE  (po-mq---150
SFRNE , RTUAREEEIR , KN-CHREANFRAEOER (| - |— )
R, BB S ERENE M. JECS) R I |
| ol
i '


https://share-analytics.zhihuiya.com/view/b2a8925c-bb50-41d2-a899-30afe710e82c
https://worldwide.espacenet.com/patent/search/family/066919529/publication/CN109872817A?q=CN109872817A
http://epub.sipo.gov.cn/tdcdesc.action?strWhere=CN109872817A

