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Estimation of PTT (Pulse Transit Time) by Multirate Filtering Analysis
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Abstract - Multirate filtering process on the biological signals like Electrocardiogram (ECG) and Photoplethysmogram
(PPG) can be defined as the digital signal processing algorithm in which the sampling rate varies to omit or interpolate
the intermediate values between the sampled data. With this aim, we suggest a new multirate filtering algorithm by
deleting the extraneous data to eliminate the unwanted degradations such as granular noise due to the usage of high
sampling frequency and simultaneously to detect the fiducial features of ECG and PPG with reducing the complexity of
resolving fiducial points such as R-peak, Pulse peak and Pulse Transit Time (PTT). After the experimental simulations
performed, we can conclude the fact that we can detect the fiducial features of ECG and PPG signal in terms of R-peak,
Pulse peak and PTT without the loss of accuracy even if we do not maintain the original sampling frequency.
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Table 1 Estimation of PTT distribution (fs = 100 Hz)
WIEARET | T ARG | e
0.81 0.4 0.41
1.6 1.19 0.41
2.48 2.07 0.41
3.36 294 0.42
4.15 3.73 0.42
i i i
55.82 55.4 0.42
56.72 56.31 0.41
57.68 57.25 0.43
58.58 58.15 0.43
59.43 58.99 0.44
= 2 ctEH0lE HEHZ S &350 FHE W™ EA
b 22 (MEY Fab= f = 1 kHo)

Table 2 Estimation of PTT distribution for the multirate

filtering with fs

=1 kHz
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241 54 44

100 Hz #3452 248 3853t 050 92 A7
AAE A5 R Aol 1 kize] #8495 A5 e
Sa Ak A% Aze] R Algkel A #Al]
Jate] BAG oJulE A o R sy A FAR
e Nasth 3, 100 Hz F44u5 2159 92 A2
3 AAE AE R-¥=AZe] | kHzo) F§A W 59
92 A AR AEe R-9AAE Alelel 54
e S Astel Zzhe AEel WE SARE PP
Ansgon, AEseld BeAust Nse] WA Akl
W A, gE, EEAA, BiEe RFAAE s
A% BAZE E 3] BANQT, EF AEHIN A%
Ao R-93 Azl di@ A BAG g & 4o EE
39l

k3 3 otEeolE HHZ ZSMWut iMzof cist HEt

SHE 24
Table 3 Population-statistical analysis for the multirate
filtered PPG data

VS S | RSE N | skeeade)
0.798 0.387 0.411
1.597 1.183 0.414
247 2.064 0.407
3.353 2.936 0.417
4.141 3.725 0.416

i i i
55.804 55.391 0.413
56.711 56.298 0.413
57.666 57.245 0.421
58.572 58.144 0.428
59.418 58.986 '0.432

chEelolE ZEE IS o/ 8 WumEAZE

bz
Apw | ogw | meas |
100 Hz 71 30.0540 17.2567 2.04799
1 kHz 71 30.0447 17.2566 2.04798
E® 4 Ct=0lE EHY AMNMT AMSof Cheh ®et A
2 24

Table 4 Population-statistical analysis for the multirate
filtered ECG data

Afe | e | wean| SET
100 Hz 71 29.6253 17.2543 2.04771
1 kHz 71 29.6168 17.2544 2.04772

Table 5 The result of student’s t-test analysis for resolving
pulse peak position
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Table 6 The result of student’s t-test for resolving R-peak

position
Fitel sAMol dw AA A
TS [ g | TO1S | AeIS] 9%
g ° Erat S i
Freqg- 3} gk il
uency 0997 0.008 289 -5.716 5.7338

@ gAustel vash sAgre] AgkAbelst AHE

o] was w9 A7Aolet AAwe] R-¥A9 R-7

2 Kolmogorov-Smirnov test®} Shapiro-Wilk

2 AL shelon, HALS SPSS 202 33
th. X 8% % 9% 100Hzo| F&Azter AAdxe] A4
4 T, 219 62 100 Hz F84 3 M5 93

® 7 100 Hz Z8xnel MM-AZo m39 3
Atol AlZF 22

Table 7 PPG and ECG peak-to—peak time distribution

34 7wl 3 100 Hz 4 l%=
SECN R S T B

0.790 0.790
0.880 0.830
0.880 0.870
0.790 0.790
0.830 0.830

& &
0.810 0.810
0.900 0.910
0.960 0.940
0.900 0.900
0.850 0.840

E: 8 100 Hz &Zxuimlo| cst Kolmogorov-Smirnovet
Shapiro-Wilk d& Z z}

Table 8 The result of Kolmogorov—Smirnov and Shapiro—
Wilk analysis for 100 Hz sampled PPG

Kolmogorov-Smirnov
100 Hy A% A5 frolse
P 0.083 70 0.200
48 ot Shapiro-Wilk
0985 | 70 | 0563

1024

s} 93 Afole] S|AEIYS WolFI glon Iy T2
100 Hz A1 &= Ad=e R-¥A9 R-¥3A Alo]e] s|~ED
He HojFErh

= 9 100 Hz AME A 5ol tf$ Kolmogorov-Smirnov2t
Shapiro-Wik Z#& Z 1}

Table 9 The result of Kolmogorov-Smirnov and Shapiro-
Wilk analysis for 100 Hz sampled ECG

Kolmogorov-Smirnov
100 Hz A A= o3&
Ry 0.078 70 0.200
IR Shapiro-Wilk
0981 | 70 | 0333
124 Bz =837
BT =058
— N=70
10 o
o
U4 ]
ol e e |
o
.
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Fig. 6 Pulse peak-to-peak histogram for 100 Hz sampled
PPG
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