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Abstract

A technique of the pulse rate detection using light was studied and a pulse rate meter
was built. The basic principle of the meter is that if a constant amount of light is transmitted
through a pulsating vascular bed, more light is transmitted through the bed when the arerioles
are nearly empty (cardiac diastole), and less light is transmitted through the bed when the
arterioles are most full (cardiac systole). Therfore, if a constant beam of light is transmitted
through the bed, intensity of the light that reaches the photodetector on the opposite side
increases and decreas with the filling and empty, of the arterioles,as the light passes through the

vascular bed a red LED used, the study intensity, its intensity is modulated by the filling and

o £l “ "

emptying of the arterioles, thus detecting an “ac” characteristic. Interstingly the “ac
characteristic can be further modulated by the color of the hemoglobin (the darker hemoglobin
molecule, the more redlight it will absorb). The output obtained corresponds to the pulse rate of
a person under test. The signal is then fed to a series of circuit, ie. noise reduction, comparator

and amplifier circuits for improving signal to noise ratio. Finally, the pulse rate output is shown in ‘

the form of pulsating sound corresponding to the “ac” signal detecteed bt the pulse rate meter.
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ACALL
SETB
OVER: PUSH
PUSH
INC
MOV
POP
POP
RETI
SEGMENT : MOV
MOV
MOVC
MOV
RET
DELAY: MOV
D1: MOV
DJNZ
DJNZ
RET
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000H

MAIN

00BH

OVER
0100H

EA

TMOD. #01H
P1,#00H
P2.0,%
ETO

. TLO, #00H

THO, #00H
TRO

R2, #00H
P2.0,$%
EA

TRO

ETO

A

A.50H

C
A,#106D
S0H.A
SEGMENT
DELAY
EA’

ACC

PSwW

R2
50H.R2
PSW

ACC

DPTR, # SHOW
A,50H
A,@A+DPTR
Pl1,A

R7,#90H
R6, #90H
R6,$

R7,D1

;SET DISPLAY (60-95 TIME/MIN)

SHOW: DB
DB
DB
DB
DB
DB
DB
END

95H,94H.93H,92H,92H,91H,90H,89H, 89H, 88H

. 87H,86H,86H,85H,84H,83H,83H,82H,81H,81H

80H,80H,79H,78H,78H,77H,77H,76H,76H, 75H
74H,74H,73H,73H,72H,72H,71H,71H, 70H, 70H
69H,69H,68H,68H,68H,67H,67H,66H,66H,65H
65H,65H,64H,64H,63H,63H,63H,62H,62H,61H
61H,61H,60H,60H, 59H
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NATNSIAE

RINNITANTRUIUANTUREY  IHTNMTUANHAN1IAGea
5.1 HANISVIARDY
anmasaawudnlunis@anlggunsaisiniuasiiiu red LED sz@nsniwlu
o < ' ' - v - i ' % : : ) 4
N9TUNNANULANANNTENINAMIENTETLLDIR 1R TARNG A infrared LED  vidilaanAdaq
ANNOE 28 Lambert-Beer
luntrresguUnsniivuas FigUnsaBieansatindviauamanssiinfiaunsn
wasunasuad i idunddnulWin e - 1y photodiode, —phototransistor,. LAY  photo
: y prp 4 v : - o
darlington transistor g lunHisTuaan1G photo darlington transistor. ~yiatiliasannnnelusa
gunsnireniiyes liResasatnedygneylumoudn  indeaidFouuasannsgud
FgLUnTndFuLAYIa 3 Wil frenfannuitin e ATwida photo darlington transistor 1Winszua
viwn ldnige

o’ a e R e e P
L?WﬂﬂuﬂﬁﬂuuﬂﬂﬂﬁwﬁmmﬂMﬂM?QQOﬂ1ﬂuanwm:Lﬂum'lugﬂ'n 5.1

Y g g
U7 5.1 dnwurdtyryrnureanisiiuresinla
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INPUT
PULSE RATE

VN \(\
- RESET

31/ 5.3 nTwaBaLATediiailadFe
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TECHNICAL DATA
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MRD360, MRD370

TYPICAL CHARACTERISTICS
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puAT41 Electncal Charactenstics: Ve = 215V, T, = 25°C

Crardctorisit MIN IYp MAX Unuit

V., Iaput offset voltage | 6 mV .
1., taput oftset current 20 200 nA
l., input Bias Cument 80 500 nA
Lo Common-mode input voltage runge =02 =13 Vv
Vo Manimum peak output =03 =14 i

voltage swang
Vo, Large-signal differential 20 200 V/imV

voltage amphification
r, Input resistance 0.3 2 MQ
r,. Output resistance 75 Q
C, Input capacitance 1.4 pF
CMRR Commoen-mode rejection ratio 70 90 dB
I, Supply current 1.7 23 mA
£., Total power dissipation 30 83 mW

Operating Characteristics: Ve = 215V, T, = 25°C

Graricio MIN YP hAg ¢ Unit

SR Slew raie a: umiiy gain 0.5 V/us

3. Unity gain péndwxadin 1 MHz

7, Rise time 0.3 S
.
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54047404  Hex Inverter .
= Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
T'p Packa Package
ackage . Package . Package A ackage .
Device T Device T Device T Device Type Device Type
YPe TP IM[cF YPe ICTP[MIcF YPe TP MIcF C[PM[cF C[P[M[cF
SN54S04 ) @) Wy SN54H0L J® Wif SNS4L S04 L W] SNsa0d 30 w3l SNSALO4 boND|Te
T.L SN74S04 ) WIND! SNT4HO4 JTIND SN74L S04 JAINT SN7404 JTIND SN74L04 JOIND|TD)
AIRCHILD FMS4S04/F M3S04 DT F MS4HO04/F M9HO4 |DD F 2] Fusasnc Fusisod ) () | F M5404/F MSNOZ |DO Fg -
FAl FC74504/F C9Se4 [DT| *® F C74H04/F C2HO4 |DD|PT FCIALS04 / FOILSO4 o | P F(p | FMI404/F CINOL  |DT|PTY
MC3108 L F MC5464 LD F 2l
MOTOROLA M C3008 L@|Pw| |F 3] SNTALS0S P MCT404 LO(|PD
sc DMS4H04 TW[ND OVSAL g4 D404 TT|ND|_[W2] DMsaLod TOND rg
N.S.C. DM74S04 ND/ DM741104 JO|NT DM74L S04 DM 7408 JTIND DM74L0& JONG]  |F
Pt “LIPS N74S04 @ N74H04 [6) N74L S04 i F JH241 /7404 [Q
S54504 FOAC|  [wif SseHos FOAD] [w2 S5404 FL|AD| w2
SIGNETICS N74S04 FDIAT w({ N74HO4 FO|AT N74L S04 A T N1404 FT|AD
SIEMENS FHIT )
FUJITSU 74L S04 M MB418 1D -«
HITACHI HD7es @ {PD)| HD74L S04 P 3 HDT404/HD2522 | T|PD)
MITSUBISHI M5S004 0 M74L S04 P Ty M 53204 PD
NEC 4S04 c 741 S04 IC T #PB235 DD
TOSHIBA TD34044 PO |
Electrical Characteristics SN54L.S04/SN74LS04
absolute maximum ratings over operating free-air temperature range
Suooly voitage VC© . e Ooecateg Wee aw SNS4LS =S§C 1 125%C = .
oo vouoe e remperature ange %sums ox w  WC Schematics (each gate)
Sturage wemperatoe “aNge —65C w 10T
* = ;
SNS4LS04 SN74L504 -
il NOW MAX MIN NOM MAX — ¢
Swony voltage. VeC a5 B $.§ 1 s $.2% v
Hgh-level culpui Current. 1gm —400 - 400 A
Low-leve! oulput current. i N € Py
Operatng Fee-ar lemosrature. Ty -85 125 o il <

electrical characteristics over recommended operating
free-air temperature range

PARAMETER TEST CONDITIONS t MIN TYP 3 MAX [ UNIT
ViH High-evel mput_voliage 2 N
Vi Low-level input wvoltage 0.8 v
v Input clamp vottas Veg=MIN. 1,=—18mA ~re| Vv —ee
{l e vcc=mm J — TGO [ R T RZ] R ] A4
VoM  High-level output voltage S rwrad Dk 177 AL v EEL___| SELLACLII0 [
gy =MAX L0440 20k (500 | 121
VCC=MIN, Viy=2V, Input Clamp diodes not on
v Low-ievel I
oL ow-ievel output vollage 1oL = 4ma 04 v SNSAL 7TSNTAL * circuits.
Input current at . L
I VoE=MAX, Vi=1v 0.1 ma 04. “L04 CIRCUITS
maximum nput voltage
7Y High-level mpyt current Vog=MAX . V\4=2.1V 20| uh
I Low-leve! mnput Jurrent VCC=MAX. vy =0.4V —0.4] mA
Short=gircust | sats Fanuiy [-20 — 100
[} Voo =MAX
0S5  ouiput eurrent ® cc | 74Ls Famuy | =20 “io] ™
! Supply current Toral hi z
CCH y cu Voo =MAX otal, outputs high 1.8 Z.4| mA
iccL  Supply current Total, outputs fow 36 6.6l ma
Average per gate
Icc Supply curreat vee=5v 0.4 mA
ce (50% duty cycle)
Pr jatior delay time,
R A N
1ow-10-high-level dutput Voo = SV ), Ta=25C.
® Propagation delay uime, CL=ISPF, R{ =2KQ 10
il high-to-low-level output Sl
Pin Assignments (Top View)
3
Vec 6A 6Y SA sy 4A v TAY 6A 6Y GND SY SA ay
Tl sl [ [ [l s @) [l [al [ [s)[s

o B
A

<P

Gl cathia

1A Y

f
|
1

1A

1
2A 2Y 3A 3Y GND

21348
2Y 2A vge 3A 3Y

4

positive logic ©
Y=2A

Ho4 CIRCUIT

‘S04 CIRCUIT

LS04 CIRCUIT

Resistor values shown are nominal and in ohms.

1For conditions shown £s MIN or MAX, use the appropriate value specified under recom mended operaling conditions.

2Al typical valves are a1 VoC=5V. Tp=25TC.

*Not more than one oulpul $noukd be Snorted &1 & Lime, and for SNSAH'/SNTAH' and SNSAS’/ SNTAS’, duration of short-crcuil should no!l 8x08ed 1 sewund.
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5408,/7408  Quadruple 2-Input Positive- AND Gate -
Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package Package X [ Package . Package
Device Type Devicz Type Device T Device Type Device Type ~
YPerCTPIMICH YPe e TP MICcH YPe FcTPimIcF [cIPImcH clPmg
SN5¢S08 Jil | w SN54L 508 39| 1w snseos laaf Wi
T.L 3N14508 JAINGT SN74LS08 IR SNT7408 [FERCE s
FMS4SE  FWIS08 oG | 1FF |FM54H08 F MIHO8 |D i FO | rmsaisos / FuaLs08 [ | FG | F M5408/F MING2 (D | FT
FAIRCHILD . oy L7172 [FCaenos ¥ Covios |00 1P Touisosfoosoe | 011731 (7G| ¥ C7408 /F CINOE_IDT (P >
| MC3101 LT -
MOTOROLA |——— T 1 | | mc3oor L7 |Pi|  |F1] sNraLso8 X MC 7408 P 1 N =
NS.C (| DM 54H08 ST |NT DMS4L S08 P DM 5408 JTIND Wi | DM54L08 3
o - - T DM 7408 J N DM74L S08 P DM 7408 JTINT DM74L08
it i
PHILIPS N74S08 Poi 1 | N74H08 1 N74L S08 ' N7408 §1 ¥
{ | 534H08 Falaml-  [wi) S5408 Fijat] |wi
SIGNETICS N74508 le :# N74HDE Filad N74L S08 8 N7408 Filaml
|1 ! |
SIEMENS HE) ) FLH38! {
| S !
FUJITSU T 74L 508 M {1 X
[ (A
HITACHI =| 1 3 HD 74L S0b P HD7408 ~ HD2550 1Py
| |
MITSUBISHI 2 N < M74L S08 o i M53208° P
. | 4 | {11
NEC vV & 74U S08 ict LPB238 pil |
iy | { [ |
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Electrical Characteristics SN54L.S08 ‘SN74LS08
absolute maximum ratings over oderaling free-air lemperature range
Swey vosw VOO v Cowrateg Feese [ snseCs —S5C 10 1235°C
Trowt votaae w | temoscature Oe [ SNuLs oc w0 We
Interemtie woiiaor 5.5 |- Soorage lemOeratue rare ~4&5C 1 150C
£ ¢ J -
=1 SNS4LS08 SN74LSO8
3 S NOw MAX | MIN NOW MAY. oy
Swon volace VeC [ = s g a5 5 52 v
Hgrleve! anio s Current low ! - 800 - 800 wh
Low-leve! qutdut corren’ 1oy ! < L] ma
Corratng Wee-ar temoeratoe T 1§ =3 e o 0. 3
electrical characteristics over recommended operating
free-air temperature range : ]
PARAMETER | TEST CONDITIONS t MIN TYP 1 MAX [UNIT 0§ CIRCUIT !
Vin High-teve! wnout voliage ! 2 \ !
Vip Low-level mout voltage + = 0.8 v i
Vi Input clamp votiage { Ve =MIN, SR 1,
v High-eve! ouiout voit | Vel e T v
wout v
OH o u age | igu=MAxX \ 3
v =MIN / g = e
VoL  Low-keve! output voltage [Vec=Win Viys2y 0.2¢ 04 v
{loL = 4mA
Input current at
" |vee=max. vy=1v 0.1| ma
max:mum input vollage } IPUTS
™ High-eve! nout current | Voo =MAX [dw=2:2v 20| wA .
[m Low-eve! nout current I Voo =MAX v =04V —0.4] ma '
Short aircuit | 54L S Family | —20 =100
i v =MAX A
0S oulbul current ¢ CC=MA {74LS Family | —20 =T
IcCH  Suonly current !¥cc=V“ Total, oulouts tigh 24 48! mA
IccL  Swuooly current i Total, outouts low 4.4 8.8 mA
i Lverage pergate
‘cc Suooly current VCOESV. (50% duty.cycle) 0.85 mA -$08 CIRCUIT
. Prooagaton celay time. g
PLH low-ic-h-gh-ievel output Vec=5¢. Ta=25C < ol By
, Propagation delay time, =159F. R =2
PHL  pon-toHow-teve! output” N ol &
Pin Assignment (Top View) P i
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_m-uns_ﬁ_r 1508 cmoun ]
. T B zv GND R
itive logic:
?:;:' gic . Resistor values shown are nominal and in ohms.
1 For conditions shown as MIN or MAX. use the appropriate valves under opering . %

3 AN typical values are at Voo=5V. Ta=25C.
+ Not more than one output should be shorted at @ tme, and for SN54S'/SNT4S’,

duration of outputl short circuil should not exosed (e second.
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. S 5448 /7448 BCD-to-Seven Segment Decoder / Driver
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i Electrical Characteristics / SN74LS48/SN74L.548 -
1 - "
i absolute maximum ratings over Pin Assignment (Top View)
1 operating free-air temperature range
: Suooly voliage. VCQ ® 7V | Overaung tree-sr  [SNS4LS]  ~s55Cio 125°C
3 g nput voltage - ™ temperature range ISNHLS 0°Cto 70°C
Slorage temperajure range =65°Cto 150°C . ® k
~ recommended operating conditions 3
| SNSaLsa8 | sSN74LSas | \&s
MIN NOM MAX | MIN NOM MAX !
Supply voltage. Vco 25 5 5.5|4.75 S-45:251 V
—— x ) i@ v e =100 = 100 -
evel oUtogt) crceal.) IoH 5 = —0 T b
Low-leve! Oulpu: current, | La aal 3 L mA
} i -9 . BlLABO 16 22
Operatng free-ar temoerature, T, —55 125 0 7 C
electrical characteristics over recommended operatting
free-air temperature range -
B C Lawp mg AB 0 _4A, GND
PARAMETER * I TEST CONDITIONS T [MIN TYP T MAX! UNIT RBs YEST mﬂm\—\wuv's
ViH High-leve! tnpu! voiiage | 2 l v
Vi Low-ievel mpuivoliace ! 1e| vV Positive logic : see function table
input clamp voitage. . any . l
v 1 i Yoo =MIN. 1) =—igmA -5 |
' inout excent B1 /R8O j 66 = Y P |\
i ~ |
High- i 1 th TVoo =MING OV - 2N,
Vom u? evel output)a thru g ce Rl H=2 24 N l 4
voitace t BL/RBD _ v; =C.8V. gy =MAY |
' Voo =MIN. Vo =0.85V.
o Cutput current. | a theulg ;.- CC O R0 85 A 32 mA
“wput conditions as for Vo
Low-teve: output 2 e :"CC=;:"‘ : “loL=2ma 0.25. 0.4
N 4
VoL  voltage e :‘:, [foL =+ éma o Sod? |
Input current Any inoys |
" at maximum excent ¥oC =MAY. V| =7V 0.1 ma
nput vollage Bl /RBO |
=) Any nput
Wi High-tevel input except cC=Max. V=27V 20| ua
current 81 ,qa'o E
= Loy inpu: .
| excep: ‘ -0.4
he Low-tevel Bl /RBO ivpogc=Max, vy =0.4v [ ma
wout current  [BI/RBO -2
i Short-crout 81 /RBO
05~ outpu! current =0.3 - 2} imA NOTES | The bunkng woul (Bl) must be ouen o heid a1 8 Mph 00 lovel when output
YT = = O through 1S ere deswed The rople-dlanking mout (RBI) must be
. LS48 - 2
open or mgh. 1f Dla"king of & decrmal w0 18 MOt Seswed
| oo Ma
cc Suoply current Voo MAX, prm—— ) ~ » mA =2 . When 2 tow o level 3 acoked vectty 10 e blankmg wout (BI). all segment
. culpuls are low reQardiess of The level Of any Other MOt
PHy tromA mput veo=5v 'a, =40 100 s 3. when rpoe-dienking mout (RBI) et wouts A. B. C. an¢ D e 8t & low level
PLH tremAmput Te-25T 100 ] ns with the lsmp-1es! npul hegh Bl Segmen CUIDULS O low Bnd Ihe rpple-DISNING
TPHL from RBI mput I' 100 [ ns output (RBO)goes © & low level (response congruon)
tPLH TromABnput | CE R =60 00| s 4. When the bianking moul/ropie-bianking outowt (S1/RBO) w cpen or held hoh
and a low = a0phed 10 the lemp-lest woul. S segmen’ GUIDULS e g
£ BI/RBO © wwe-AND logx serwng as blanng mput (BI) and/or
= ripple dblanwng ouiput (RBO)

T For conditions shown as MIN or MAX.use the 2p0r0Driate value specitied under recommended 0peraling coOndilwons 1or the aposcade 1vpe.

1AV tvoical vaives are at Voo = 5V, T, =25T.

®icc's measured wiih all outouts open and at NputsaidSV. - " CONTRAED ON MEXT PAGE
IPLH = DTODagaton delay lime. low-1o-mgh-level nulput
'PHL =010

.
on dalay time. to-tlow-ievel oulput

.





