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Abstract: For the problem of noninvasive continuous blood pressure algorithm with un-accuracy, a novel multi-
parameter fusion algorithm based on BP neural network is proposed, according to the formation from
electrocardiogram and photoplethysmograph of arterial blood pressure. The improved Pan Tompkins algorithm is
used to extract the R peak of electrocardiogram, and difference-threshold algorithm is used to extract the features
points of photo-plethysmograph, and the fifteen feature parameters relative to blood pressure are extracted and
used to establish the model of blood pressure to estimate the beat-to-beat systolic blood pressure and diastolic
blood pressure. The factor analysis method is used to analyze the weight of each parameter. The results show that
the weight order is pulse transit time, time information, photoplethysmography area information, amplitude
information and area ratio. The algorithm is tested in the TianTan Hospital, and the means+standard difference
of single measurement errors are respectively —1.574+6.12 mmHg and -0.624+4.82 mmHg, the means+ standard
difference, D. of repeated measurement errors are respectively -2.124+5.10 mmHg and -2.52+4.41 mmHg, for
systolic blood pressure and diastolic blood pressure. And the measurement accuracy for systolic blood pressure and
diastolic blood pressure reaches Grade A of BHS standard and AAMI standard.
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SER VI RN E . KR AN R SE S
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Uiy, SEIVECHE ARG . AEE R ARV, ERIRE
BE S BRI e T A H I B 22 I PR Lo ik, 4t
FAREE T A R A . M UG BT = Rk,
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RS R], eI R R EARE, IR IR
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ASZIGAS FH R AR B4, L RID O L5 5 R
SRR SRR R I8 42 250 samples/s, AT
Z X% A{H Kk H Finometer(MIDI, Finapres Medical
System, Netherlands) % #%. KB4 5 Finometer
WA R RAFE, MRAERER OGS MAAAFR
AL EAT 5 7 I R AT W 22 . P R
(2340 %, A REAT O B IR S50, (H ] RE
A H g ) B REAT Y BE 1 IS, I = B K 15 min;
TERYBE 1 A A5 T8 B 10 min, 75 G B
UL 3 A AT B 2 SR, =
K 15 mine B 4 /2 H TR BE R AT 7K e (1]
4(a) ) Ffe i e A B (K] 4(b)). K 4(a)h ] ELE
H 7 5K 2 32 EAR P AE 50~70 mmHg Z ],
90~100 mmHg K2 ; AxHh, B 4(b) B T W4
JH{E E B/ 100~130 mmHg, /D4 e
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140~160 mmHg. [ &l EBEFRrE ) 7t 1= w
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mmHg), flliE (46 > 140 mmHg, &F5K & > 90
mmHg), FlE: W4EEAE 150~170 mmHg Jy =i
Fe, SRTAR S 002 0 S AR & b, R A DA
WG i AR, A L IR
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Bl 5 250 HA B 2 SR P AR SOk v S A
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fH (e, &FkE) XL, iR SEE R 160 A
OFNEI . WEIR AT LR, A SCRE T EAR R
A (Wi i, &75K )5S Finometer i s fE (1) 22
EAR /N, HLAT DAAEAS B et 1 s 1R AR i 3

2 F0 oy AR A A (W 4E
(SBP), %75 J%(DBP))5 Finometer | mAE 114} LE
XPEASAMAKIT 5, BRI S Sg ,  es s 40 %
ZEMFI <4 mmHg, FrifE2E<8 mmHg; 75K )%
AR ZE Bl <3 mmHg, FRfEZE<5.5 mmHg.
XFEASMA, 04 HORIRY 5K He R R B s #s 21 T
AAMI 52 XL R R ZERRUE

Sy B i R e, B 6 gevt T T AT el
HALE R (Wi i, #79KER) S Finometer i
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——  Finometeryll £ 11 . FE A
— RSN i A
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2 100 e N e
=

H FFIKIE
2 50 Maye /N o™ ucspin /i

0

L L L
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MM FE A (mmHg) IR A (mmHg) LBl JE
(a)FF kI (b) i P
ES N (1M 5 i P15 A0 A S i s AN 67 5K . 5 Finometer
B R RS SRR 0
% 2 hEIM/E 5 Finometer Ml /% ¥} bk 3 (mmHg)
1 2 3 4 5 6 7
SBP 149.86+4.07  106.554+3.29  107.03+2.65 117.634+5.82 101.67+6.85  121.734+7.77  108.50+5.99
Finometer
DBP 94.5543.33 52.1842.72 61.5942.35 67.7345.22 47.604+4.79 74.5245.12 70.2844.19
SBP 150.85+£1.32  105.5040.58  107.504+0.92  118.7443.52 103.78+3.71  123.9940.97 111.96+1.02
- DBP 94.894-2.19 51.5241.42 61.6940.89 68.174+3.25 48.914-3.46 72.5141.10 67.56+0.80
T
SBP #% 0.974+3.77 -1.0543.32  -0.8240.045 2.1045.26 2.27T+£7.72 3.4746.14 3.3946.13
DBP #% 0.31+£3.67 -0.664+2.95 -0.944-2.516 2.3745.04 1.205+3.27 -2.0145.19 —2.7244.17
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B 6 i (fFakrs, Wil ) dext ik 22 g vt

JEAE (Wi s, &75K R Z MR Zaxd i 22, BT
PLFE H, &7 9K He 4000) 1% 22 1) 36 Fl 2 [-37 mmHg,
35 mmHg] , FEEHLAE-T~5 mmHg FI/K V-,
A1) 81.34%; Wit Hs 4bf 1 22 (9G] & [~ 30 mmHg,
46 mmHg] , FEEHAE-6~6 mmHg /K-, [fr3k
W 88.78%

R A % 1] ey i Hs B o 4R H R I s 00 R b A
— BHS #r#E, 43R %4E <5 mmHg, <10
mmHg <15 mmHg M7, 404 Grade A,
Grade B fl Grade C 3 25, & 3 @il Tis i1k
MR ZE4E <5 mmHg, <10 mmHg 1< 15 mmHg
(R o3 b, SO Hs R0 &7k Hs () 0 0K B ik 31 T

JRAE (4 &, #75K %) 5 Finometer Ifil R AE 5% Lt o
XPERANANMRNT 5, EE WSS, o4 s 4ax) i
ZWPEE <4 mmHg, A% <8 mmHg; 77K/
YRR (I <4 mmHg, FrEZ<5.5 mmHg,
W s RN &7 5k (R A A #R A 21 T AAMI 5E X
1L 1R ZEFRE

Nk MR SO VE I ERE, W% R 3
- FCH A A N TR 00 3 Sl P s Ak 1 28 g g 7
1(R(3)) Fnge st vk 2R (4) RiX (5)) BT T LR,
ZMTTE 2 AU G | R s K 77

2R 1.

o BP =a-PTT+b 3
Grade A FrHfks N ‘ ‘ S 3)
I, EF AN, BT E S, Hrp, BPACERILE, PTTACEKIKIF AL IR, o,
St NI, N e N v S S oy e oy ¥y
B 1 RINGEHORNZ AR, T 2 vl b FOREMEBUR RS
g FNET Ik . 3K 4 FIH 3 M E A I = 1 i LAY 2.
#* 3 BHS fRAERTT LR (%)
. ATk BHS #rift
Rz BT
SBP DBP Grade A Grade B Grade C
< 5 mmHg 70.62 79.77 60 50 40
<10 mmHg 92.00 97.03 85 75 65
<15 mmHg 97.94 99.54 95 90 85
Fz 4 MiXEFE 2 XN EHIRER (mmHg)
WA o
1 3 ¥+ U7 2
SBP 118.00+6.60 109.30+7.14 109.52+2.77
Finometer
DBP 73.00+5.00 60.78+£5.18 63.24+2.59
SBP 117.45+1.86 105.38+2.06 105.30+0.34
‘ DBP 72.80+2.24 58.23+2.14 58.85+2.63
AR5k :
SBP %% -0.16+£6.45 3.93+6.82 -3.70£2.55 -2.1245.10
DBP % 0.10+5.25 2.55+4.33 -3.98+£2.99 ~2.524+4.41
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DBP = MBP, 2P
v PTT
1 PTT,
——(SBP, — DBP, 0] 4
sser-ome)| @
2
SBP = DBP + (SBP, — DBP,)- [PTTO] (5)
PTT

b, SBP AR HIAA{E, DBP, 2 & 5K 414
{EH, PTT, A2 Bk B AL R WA

5 JUH TR A E AT,
ARICTT AT 1 R T 2 W A
HUEY 7K Hs 0% 22 B V- S £ AR UEZE o A SCT7 156 2

AAMI brifE, TMLMLT7vE 1 MLk 2 AN L
AAMI b ARSCHEPERRET

N BE— LT A SEO R IR, R
K123 BT o i AN S EOOBUE, E 6153 KMO
ZHh 0.732, Bartlett ] Sig Z#/2 0<0.005, 1] LA
I 7 i e A 5 S8 E R . AN ECH 3
MAFRIRIRA 156 MSERHE, £ 6 R T84
RIF IRFAEAE . T7 22 o0k BT ZZ DTk, M
Kl fix 3 MEF A RREA 15 NMEED
84.52% 115 5L

F5 IMAFEERRNEXVRMES N E TN 8 LK (mmHg)

BRI AT
B (e 7 AME 1 AME 2 Ak 3 S i
AILTT -1.57+6.12 -0.161+6.45 3.93+6.82 -3.70+2.55 -2.12+5.10
SBP 2k 1 2.22+13.81 -6.53+£2.09 4.48+4.51 -8.04+5.80 -1.94+6.92
2T 2 2.83+19.81 24.59452.08 5.30+5.79 -3.44%+7.02 11.99+35.57
AILTT -0.62+4.82 0.10£5.25 2.55+4.33 -3.981+2.99 -2.52+4.41
DBP Zridi 1 0.65+8.86 -4.244+2.13 6.18+3.12 -7.37+3.73 -0.15+6.35
2T 2 -4.884+9.41 13.62+£11.42 9.31£3.64 5.99+4.14 -10.60+8.37
F6 STEFHHEE. FERMEMBRHETRE T2 MR T, N 3 BRI AL H e )]
. ; 5 3 (a) R4, AL TR R R 1. R 2 FIA
Jg TR 42.332 27.444 14.743 T3 ‘Zl‘lﬂifﬁl—ﬂi_\io
BRIy 2Tk 42.332 69.776 84.520 Ky t9r 2 U
A 6.350 4117 2.211 Fo= Bt 4 By b 4 B 2 (6)

NHE—L 93T, 3 3 A AR 5L B i s
2o SRA AT B BT RECR (R 7).

W7 1 BEEERAEE IR (ayp), #FIKIIHIRA
(a)> AR (ap), BREEECES 1 W(ES R MERZ
fH(ay;), BKIEEER 1 EESE 2 WEEZ R ZEH
(a10)> WIHRBEER 1 VAR (a,), T 1 223 IA
To BRI 2 2 BEERALAH AR BRI i 2 8] (¥ [R]
105 (), ARRBMKRIR ST 1 WP 2 TR PR I 1) ] B
(ag), AT KA IR /MEL A B R TR AT () A
RBBKRR S 2 W AF ki 18] AR I 8] 6 B3 ) 224K (a5 ) T

Horp, o ORI R, FAGERKH T, g, AUGERBUE

N E R/ W ‘
Wy = 15/Bj ) ﬁj:Zﬁﬂ~wi (7)

>.5 =

Forpr, 3B, AR S SRR ML S KD, w, AR
7 TRk . P A BRI 8 .

FANSHINBCELLINR 9 PR, S &AS5
AR A SR = UKD A A ) > A &8 koA P ] >
oK P T AR B > KR R B > AR B A R

R OEEHERNE

a ag ag ay L3 a3 ] ar2 a3 a ars5 a14 ary a a5
1 -0.143  -0.015  -0.143 0.292 -0.528 -0.015 0.991 0.985 0.100 -0.021 0.977 0.906 0.944 0.959 -0.016
2 0.021 0.948 0.334 -0.032 0.340 0.923 -0.016 0.062 -0.199 0.922 0.060 -0.123 0.141 -0.128 0.959
3 0.959 0.045 0.325 0.698 0.159 -0.024 0 0.061 0.051 -0.018 -0.076 -0.203 0.122 -0.009 0.039
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