Designing the front end for
Respiration Signal




Measuring Respiration using ADS1298R

Need to Isolate ECG from Respiration

Isolation done prior to ADS1298R input using High Pass Filter

Problem - the High Pass Filter will also attenuate the respiration carrier,
so an optimal value needs to be used

Problem manifests at high levels of baseline impedance
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Experimentation

Effect of input RC filter on Respiration Magnitude

I3 TEXAS
INSTRUMENTS




Test Schematic
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Increasing the input high pass frequency will filter the ECG signal
This can be accomplished by reducing C99 and C100
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Test Setup

1)
2)
3)

Three different values of C99/C100 are used.
2.2nF
470pF
100pF

A baseline impedance of 2ZKohm is used with expected dc value of
58.5mV

Delta impedance of 0.1ohms is used to with expected peak-to-peak
value of 2.9uV

ECG is set to highest amplitude on simulator 5.5mV
The output is filtered to 40Hz using a LPF

The simulator used in Fluke Medsim 300B
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Respiration Frequency = 64KHz




Capacitor =2.2nF/ Resp Frequency =
64Khz

0.055184 -
0.055182 -
0.05515-
0.055175 -
0.055176 -
0.055174 -
0.055172 -

0.05517 -

Amplitude

0.055165 -

0.055166 -

0.055164 -

0.055162 -

0.05516 -

0.055158 -

0.055156 -

0.053134 - 1 I I 1 I 1 I I 1 1 I I 1 I 1
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Time
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Statistical Data

Low Pass Filter

v Mean 0.055169 ¥
[|Enable Filter Order ’.;,I g Cukaff Frequency |4.0000Hz Simulated Respiration Frequency

0.3Hz S | Moise 27.814uvp-p
« Resp frequency =64Khz,G=3;p =135

* Similar results are obtained for G =2/3; ® =90 to 157.5
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Capacitor =470pF/ Resp Frequency = 64Khz

0.05211 -
0.052108 -
0.052106 -
0.052104 -
0052102 -

0.0521 -
0.052093 -

= 0.05209 -

Amplitude

0.052094 -
0.052092 -

0.05209 -
0.052083 -
0.052086 -

0.052084 -

0.052082 - I I 1 1 I I I 1 1 I I I I 1 I
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Statistical Data

Low Pass Filter

\ IMean 0.052095 Y
[IEnable Filter Crder .'—J,I g Cutaff Frequency 4.0000Hz Simulated Respiration Frequency

0.3Hz ~ | Moise: 26,622uVp-p
« Resp frequency =64Khz,G=3;® =135

* Similar results are obtained for G =2/3: ® =90 to 157.5
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Capacitor =100pF/ Resp Frequency = 64Khz

0.041527 -
0.041526 -
0.041525 -
0.041524 -
0.041523 -
0.041522 -
0.041521 -
0.04152 -
0.041519 -
0.041515 -
-".; 0.041517 -
% 0.041516 -
< 0041515~
0.041514 -
0.041513 -
0.041512 -
0.041511 -
0.04151 -
0.041509 -
0.041508 -
0.041507 -
0.041506 -
0.041505 -

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 &000 &500 7000 7500 2000
Tirme

o |

Statistical Data

Low Pass Filter

Y MMean 0.041515
[lEnabls Filter Qrder EJ 3 Cukoff Frequency 14.0000Hz Simulated Respiration Frequency

0,3Hz N | Moise 21, 184uvp-p
* Resp frequency =64Khz,G=3;P =135

* Similar results are obtained for G =2/3: ® =90 to 157.5

13 TEXAS
INSTRUMENTS




Respiration Frequency = 32KHz
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Capacitor =2.2nF/ Resp Frequency =
32Khz

0.05577 -
0.055765 -
0.055766 -
0.055764 -
0.055762 -

0.05576 -
0.0557558 -

= 0055756 -

Amplitude

0.055754 -
0.055752 -

0.05575- |
0.055746 -
01055746 -

0.055744 -

D * 055?42 - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1] 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 G000 &500 7000 7500 &000
Time

i@ w) |

Statistical Data

Low Pass Filter

Y Mean 0.055756 ¥
[“IEnable Filker Order E,I g Cukoff Frequency |+, 0000Hz simulated Respiration Frequency

* Resp frequency =32Khz,G=3;® =135

* Similar results are obtained for G =3/4; ® =90 to 157.5
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Capacitor =470pF/ Resp Frequency = 32Khz

0.052584 -
0.052582 -

0.05258 -
0.052575 -
0.052576 -
0052574 -
0.052572 -

0.05257 -

Amplitude

0,052365 -

0.052566 —

0.052564 -

0.052562 -

0.05256 —

0.052558 -

D ‘ 052556 - 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o 500 1500 2000 2500 3000 3500 4000 4500 S000 EE00 &000 A500 7000 7500 aaaa
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Statistical Data

Low Pass Filter

Y Mean 0.052570 Y
[IEnable Filtet Crder E,l 5 Cukoff Frequency 14.0000Hz Simulated Respiration Frequency

0.3Hz i | oise Z6.111uvp-p

» Resp frequency =32Khz,G=3;P =135
* Similar results are obtained for G =3/4: ® =90 to 157.5
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Capacitor =100pF/ Resp Frequency = 32Khz

0.041821 -
0.04182 -
0.041819 -
0.041818 -
0.041517 -
0.041816-
0.041815~
0.041514 -
0.041513 -
0.041812 -
0.041811 -
0.04181 -
0.041809 -
0.041808 -
0.041807 -
0.041806 -
0.041805 -
0.041504 -
0.041803 -
0.041802 -
0.041801-  § !
Yo,
0.0415 -

Amplitude

1 1 1 1 1 1 1 1 1 1 1
a 1500 2000 3000 3500 4000 4500 5000 7000 7500 5000
Time:

+i@w |
Statistical Data
Low Pass Filter

Y Mean 0.041810Y
[“|Enable Filker Order E,l g Cukoff Frequency |4.0000Hz Simulated Respiration Frequency

0.3Hz ST l Moise 20.365uWp-p

» Resp frequency =32Khz,G=3;P =135
* Similar results are obtained for G =3/4; ® =90 to 157.5
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Conclusions



Summary

DC value

Pk-pk

|deal Value

58.5mV

29.2uV

2.2nF

55mV

27.4uV

0.4/nF

52mV

26.2uV

0.1nF

41.60mV

21uV

*The attenuation of both the dc value and the peak-peak is

independent of respiration frequency

*The attenuation in both dc value and pk-pk value is same
*At 470pF the signal lost is 10%.
*It is advisable to keep the capacitor as 470pF or higher
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Experimentation

Cardiovascular interference on Respiration Signal
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Respiration Frequency = 64KHz
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C=2.2nF;resp frequency =64Khz

0.0505825 -
0.05088 -
00505775 -
0.050875 -
00505725 -
0.05087 -
0.0508675 -
0.050865 -

iy n AL AN g | \ |
R ~.WWI MH'WA’PW ﬂW\ ,I.NIH"WHJH1h'||||‘1f u\lhﬁ‘}mi#\'mw !‘ \,Il le{{i 'Wﬂ m LM'WM"J Wﬁ[”h:'\ |i|*‘n]Ylhh|Wm'u'hh MJL"lllﬂwlll'plmw L’HWTM

tud

P

£ 0.0508575 -

&

0.0505525 -

0.0505475 -
0.050545 -
0.0508425 -
0.05084 -
0.0508375 -

0.050835 - | 1 | 1 1 1 1 1 | | | | 1 | 1 | 1
1] 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 B000 6500 7000 7500 8000
Tirne

+iEw |

Statistical Data

Low Pass Filter

i Iean 0.050863 ¥
[“|Enable Filker Order :_‘,l 3 Cukoff Frequency 140.0000Hz Simulated Respiration Frequency

0.3Hz i l Maise 43.2160p-p

*The respiration signal can still be detected for this case once it is low pass
filtered.
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Filtered respiration signal

0.0531777 -
0.0531775 -
0.0531773 -
0.053177 -
0.0531765 -
0.0531765 -
0.0531783 -
0.053176 -
0.0531758 -
.‘0:,:-: 0.0531755 -
%_ 0.0531753 -
< 0.053175-
0.0531747 -
0.0531745 -
0.0531742 -
0.053174 -
0.0531737 -
0.0531735 -
0.0531732 -
0.053173 -
0.0531727 -

| 1 1 1 1 1 1 | 1 | | | | | |
1] 1000 1500 2000 2500 3000 3500 4000 4500 S000 5500 6000 6500 7000 7500 8000
Time

i@ |

Statistical Data

Low Pass Filter

W IMean 0.053175 %
[“]Enable Filker Order :,'I g Cutaff Frequency |4,0000Hz Simulated Respiration Frequency

0.3Hz T I Moise 4. 5900Vp-p

* Interference depends strongly on gain and phase. The pk-pk value is
a good indication of amount of interference.
« A summary is provided on next slide
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Interference (uV pk-pk)
C=2.2nF;resp frequency =64Khz

Phase/Gain 3 4 6
45 26.5 53 o8

90 9.3 18.5 43

112.5 7.9 11.8 31

135 9.4 11.3 21.4

157.5 12.5 9.5 24.8

Highlighted entries have visible interference with 40Hz LPF
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C=0.47nF;resp frequency =64Khz
G =6; phase =112.5

M U[» “h \W Lw H}I Hf 1 ( M ‘ U ' f W HL | N k h V \( \

&000

Statistical Data

Low Pass Filter

[v|Enable Filter Order EJS Cutoff Freguency |40.0000Hz Simulated Respiration Frequency

* No interference is observed for G =3/4

» G =6 still shows some interference; it clears up at phase =157.5
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C=0.1nF;resp frequency =64Khz
G =6; phase =135

Statistical Data

Low Pass Filter

[“|Enable Filter Crder LJJ g Cukaff Frequency |40.0000Hz Simulated Respiration Frequency




Respiration Frequency = 32KHz

High Resolution Mode
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Cap =2.2nF; Freq =32KHz
G =6; phase =112.5
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No interference is observed for G =3/4
For G =6 interference is observed only for phase lower than 135
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Cap =0.47nF /0.1nF
G=6; phase =135

Statistical Data

Low Pass Filter

[v|Enable Filker Order J.;,I 3 Cutoff Frequency |40.0000Hz Simulated Respiration Frequency

* No Interference Is observed for G =3/4/6




Respiration Frequency = 32KHz

Low Power Mode
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LP mode

Low Power mode may be more sensitive to interference than HR mode.

There i1s no interference for C =0.1nF

For C =0.47nF only G =6 phase <=90 have interference

C =2.2nF shows significant interference

The summary of interference is in next slide
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Interference uVpk-pk

C =2.2nF; resp freq = 32KHz

Phase /Gain 3 4 6
90 11.5 25.9 50

112.5 9.2 17.5 30

135 9 9.7 9
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Conclusions



Conclusion

» Respiration frequency of 64Khz is more prone to
ECG interference compared to 32Khz

* Lower gain settings have less interference

* Increased blocking (higher phase) gives less
iInterference

 LP mode exhibits more interference than HR mode

* May want to change C99/C100 to 470pF.
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