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Abstract

By reducing the amount of data in bioprocessor circuits, the required memory and power consumption are reduced.
Therefore, non-uniform sampling (NUS) is feasible, and a sample-and-hold circuit can be used to non-uniformly
sample bio-signals and reduce the volume of the data from vital signals. In the present study, a new closed-loop
non-uniform sample-and-hold circuit along with a differential clock generator circuit is proposed. The proposed
design consumes low power and can minimize the volume of the generated bio-signal data in the frequency range
corresponding to vital signals. The proposed non-uniform clock generator circuit uses two comparators with
PMOS and NMOS inputs and a control circuit with a few logic gates. After detecting the rate of heart signal
variations, the proposed circuit generates non-uniform clock signals at two frequencies of 1000 and 100 Hz for
fast and slow variations, respectively. The output signal of the sampling circuit is reconstructed by using
resampling and interpolation in MATLAB. Simulations are performed in Cadence in 0.18 pm technology with a
supply voltage of 1.8 V. The simulation results show a percentage root mean square difference (PRD) of 2.3%, a
mean square error (MSE) of 8.57x10°° and a signal-to-noise ratio (SNR) of 71 dB. These results indicate the proper
performance of the proposed circuit in comparison with previous designs.

Keywords: biomedical signal, comparator, low power, non-uniform sampling, sample and hold.
Received: 11 August 2022

Revised: 19 October 2022

Accepted: 10 December 2022

Corresponding Author: Dr. Mehdi Dolatshahi

Citation: S. Bagher-Nasrabadi, M. Dolatshahi, S.M.A. Zanjani, H. Pourghassem, "Design of non-uniform
sample and hold circuit for biomedical signal processing applications”, Journal of Intelligent Procedures in
Electrical Technology, vol. 16, no. 62, pp. 1-14, June 2025 (in Persian).



http://jipet.iaun.ac.ir/
https://doi.org/10.71666/jipet.2024.998165
mailto:s.bnasrabadi@sel.iaun.ac.ir
mailto:dolatshahi@iaun.ac.ir
mailto:Sma_zanjani@pel.iaun.ac.ir
file:///D:/Desktop.6.1401/باقر%20نصر/h_pourghasem@iaun.ac.ir

VAFNFF Ll /90 g Cand o,leds foo3ls Jlw /30 Catus j0 dioiior slo g, 4y pid

Doi: 10.71666/jipet.2024.998165

R s

Cg ool (Bpan e b CS 1SSl 510 ST g 510 pdiged Hlow 24
o ) B JUS s o 8

oy ¢y Ll M7 Sy e v duw ybobiw! d BLI 9 (G0 (55D (semiils T bl puai L |ylw
Sliwl ‘\‘YM@)%

Ol blcams oMl oljT oty wblcazs asly = 5, (cwdige saSisls -
Ol wblcass e sl olj sty woblcass aly —aiedign laaSliiy, Sliass S e -Y
Ol wblcass e skl ol5T olKisls woblcams aslg - yile el g Jluoms sl oladsd 35,0 =Y
s.bnasrabadi@sel.iaun.ac.ir, dolatshahi@iaun.ac.ir, sma_zanjani@pel.iaun.ac.ir, h_pourghasem@iaun.ac.ir

Slp ol el Fae oles B ran g jla 090 alidl> palS o o) K5l o lae (o cols pox> alS leuuSe
S0aS g o paiges Hlae S SaSay 1A Lol a8 5 118 axgi 0590 (NUS) o leiss e (610 pdiges «Ba ol 4y yd
SreS ools g L], Sl sl JuKew Sledbl g o aiS o (6 )10 paiges g S 5l 16 08 joboay oS
abgy o SIS Wgo jloe b ol ot dites dil> g, b duas 31eiSG e )10aS5 g 10 paiges e G cllie ol 40 0,91 Cawdas
Gl paiged g sl UK 5l Wlgi oo 05 (g5 B pan b aS 00l slpin JLolad & jgody S ) Gbo uilS )8 00gums o
Slosag,9 L oaSanslas 50 5l (golpainy ClgiSs e SUS oaijlu o il J8las 4y 1) ool g ools poe> g iS
wedd LS Olyoss 50 aeseid b jlas cplicwl ouls ezl dhis gbelS L J oS o SO 3 NMOS s PMOS
e (29, JUSw 85 (oo wdgi WS g W Sk Gl i Fpe Ve g Ve G800 b (S 1giSs e SIS
b slwancd b cwl oals (o35Lusl cdice [l53le 5 5l oolasal b oliiyg, (B9, 40 9 ddome (5,10 pdigad (o9, b 410 pdiges
YIY 5y (PRD) jge M| oo jo ol aS aas oo lid «dg VA a0ds5 b g 19,0 /YA (5,5l ;o uiaS l58le 5

19S5 5 (6,10 pdigad 0dSS g o paigad coaiiS dunlie (g eS¢ S ) S LK 1gudlS OlodS
VENOIY - allie Loyl &0

VECVYIYY tallie (6,55 50 g )b
VEV/AN A idlie by g b

2liss (sage 150 g (Goddum g pli
By (emdige 0aSuisls —oblazs axly oDl ol T olKiisls —ol&Kisls gl ~oblcam @ J ghumd (GOt o3 (3L

«y


https://doi.org/10.71666/jipet.2024.998165
mailto:s.bnasrabadi@sel.iaun.ac.ir
mailto:dolatshahi@iaun.ac.ir
mailto:Sma_zanjani@pel.iaun.ac.ir
file:///D:/Desktop.6.1401/باقر%20نصر/h_pourghasem@iaun.ac.ir

o9 s = S0 edeme S — dliigo (sage — (63U yas BU L oo g5 5 0 paiges Sl ()b

doddo —)

S0 paigad £ b wtili e oS 0l (glajle (b aie S duts GlaSes a0 3l sl slocd iy
S slaal o Jite lgrear [N-¥T annl ansls Jlas o 1) Lo ( GYsb ooy Daa 50 08 Gl G pan 5 conlin
5 baaiges slaws zals [F] el 388 ais slp (ECG) Tal S0 55,80l JuKw Sae Yob wy g diejbss ecdd
13 [FD] 0 oo Ll 00 cpond (L2 o)lg Bpan Crrizmen g abidls ojlail galS )0 (e JWKw Kijle, lae
Jas (5,0 paiges 5 90 b (JiKws aiS b 0l Ol s 4 s 45 wiloods slpiin TSRS e (5,00 paigei b olo o
el oS Ll el i (ol i (il 3 255 55 ple 5 5] )0 pines £ endgSl oo o [F] aisS e
38kes 4y (plhzews Gl o cel (T Sl 028 @l el 2 a0 wiz b e a5l e gl JUSems (el 8
5 Prae Ol GRIPl wmie glopaised 5 RlBl Ll wed welai 6 YL polie o Wbl pdiged E5 e
Ss,1o paiges 5 g ke, Jg amd co Lialidl 1) Tools pm YU 75 L (6,0 paiged 0l aply3 (5o slo Saumn
Dgb oo e soyar Sledbl dF] siias LSy Lo ,i5 bosls 5 Conl wiS ools &l s oot a5 bl o s less
WS S i DS £ az i b o paised Gl ST o 055 g0 Rl eaiS 5l Sl o ol &S T el
Olg el el g ols mals (Gl LK wile) Sl sla JiKw 53 ate Sl i (e olgi oo |, Sledlbl v
Al oaisS ils p slae jo B ras

oS Sla ity 4 zae JS ST .cul oad sols lis B gSs (6 o pdiges b ECG JUSw digas o (i) JS& o
Sl JUSw Yasgame 9d i (z-)) S (gm0 JES) PYL cdlad slaidu g (o)) JSb (awal Jlash) Celas
Wl b bwgie da idu plo 5o JUSew Sl pess & (oo sl JESH 0n Sy 1o (QRS) b Condg 0uiiS' 52
ool ¢ sty JuSw Ol (anseis (sl 0o 00ls (yLas B 1giSs il (6,10 paigad (5-1) JSC5 o [F#] el
Ol 4 a5 b o] 6 p S e a5 oad slein A ek Jowe G (0] g e jo sl sads a8l bt
VAL g 5lwod pid (Jgloie e 4 o g el a8l 2alS 0o )d YO B le3 8 ran 5 oS so ok sy S
el 00 e (Saums 5 Jdl mhaw ialidl a5 ol andl el asly, sl )

1 /\ .
\
05 il A ‘: — \/\v/_._...

0 |
0 10 W0 30 40 50

SS9Ss (6o piges 5 Jie ()

o 10 20 30 40 50 60 70 KO

omb cudled gl sl ()

A \/\ﬁi

o
0 10 20 30 40 50 60 70 80
YU cdles gl sbcans (2)
1
0.5 /\
| |
0 10 20 30 40 50 o0 70 80

SRS 55 peiges (3)

&l pdiged (1) JSCi
Figure (1): Sampling, a) Example of uniform sampling, b) Low activity regions, c) High activity regions, d) Non-uniform sampling
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Figure (2): Main idea, a) Peak detecting for QRS complex and T wave, b) Simplified block diagram of proposed non-uniform sample and
hold.
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Table (1): Specifications of simulated differential amplifier
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Figure (9): Output of proposed circuit, a) ECG signal and output of proposed sample and hold, b) Non-uniform clock generator output,
¢) Zoomed section
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Figure (12): Reconstruction of ECG, a) ECG signal and the reconstructed signal, b) Non-uniform clock signal

ay



o9 s = S0 edeme S — dliigo (sage — (63U yas BU L oo g5 5 0 paiges Sl ()b

Table (2): Comparing the performance of the proposed non-uniform S/H with other references
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