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LAMPIRAN

Lampiran 1. Program ventilator

@ code_venus_rev] | Arduino 1.8.13
File Edit Sketch Tools Help

code_venus_revl

kiﬂclude <ezButton.h>

#include <Wire.h>

#include <LignidCrystal I2C.h>
#include <EEPROMex.h>

#include <EEPROMWar.h>
#include "Arduinc.h™

vold disp{int input,byte col,byce row):
void setup();
woid loop();

LiquidCrystal I2C lcd{0x27,20,4);

ezButton pbaet{2);
ezButton pbleft(3);
ezButton pbup({4):
ezButton pbright(5);
ezButton pbdown (€):
ezButton pbok{7);

]

onst byte highpress = 34;
kool highpresstate = LOW;
unaigned long sebeluml = 07
long highpresson;

long highpressoff;

const byte lowpress = 45;
bool lowpresstate = LOW;
unsigned lono sebelum2 = 0@
long highpresson;

long highpressoff;

const byte lowpress = 45;
kool lowpresstate = LOW;
unaigned long sebelum2 = 07
long lowpresson;

long lowpressoff;

unaigned long sebelum3 = 07
const long sampling = 10057

char tw buf[2];

char bpm buf[%];
char ie buf[%];
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P

ezButton pbleft(3);
ezButton pbup{4);
ezButton pbright{5);
ezButton pbdown(&);
ezButton pbok({7):

const byte highpress = 44;
kecl highpresstate = LOW;
unsigned long sebeluml = 0;
lcng highpresson;

leong highpressoff;

const byte lowpress = 457
kool lowpresstate = LOH;
unsigned long sebelum? = 07

ffoonst float ADC mV = 4.3838125; // convesion multiplier from Arduinc ADC value to voltage in mV
conat float ADC mV = 4.8828125; // convesion multiplier from Arduino ADC walue to voltage in oV
const float SensorOffset = 200.0; // in ®V taken from’' datasheet

const float gsensitivity = 4.4137 SO oin oWV/mmH20 taken from datashest

congt float mmh20 cmH20 = 107 J/ divide by this figure to convert mmH20 to cmH20

conat float mmha0 kpa = 0.00%31; £/ convesion multiplier from mmi20 to kPa

const float mmh20 pa = 8.81; {/ convesion maltiplier from mmH20 to Pa

void disp{int input,byte col,byte row) |
char buff[9];
if {input <10){
Ied.setCursor {col+l, row) ; led.print {7 R By
led.setfursor {col, row) jled.princ (itoa {input, buff, 10} ) ;
}else if {[{input>=10)&s& {(input<100) )]
led.setCursor {col+2, row) ; led. princ (™ -
led.setCurzsor {col, row) rled.print (1toa {(input, buff, 10} };
}else if {{input>=100)ss {input<1000)){
led. setCarsor (col+d, row) rled.princ(™ ");
led. zetCurser {col, row) ; lod.prine (itoa {input, buff, 10} )
}elze if (input>=1000) {
led.setCursor {col+d, row) ; led.princ (" ™) ;
led.setCursor {col, row) ;s led.print (itoa (input,buff, 10) ) ;
}elase [
led.setCursor {col, row) rled.prind (1toa {input, buff, 10} };

vold setup{) |
pinMode (highpress, OUTPUT) ;
pinMode (lowpress, OUTPUT) ;
digitelWrite (highpresas, LOW);
digitalWrics (lowpress, LOW) ;

phaet.setlebounceTims (50) 7
pbleft.sctDebounceTima (S0) 7
pbup.sstDebounceTime (50) »
pbright.setDebounceTime (50);
phdown. setDebounceTime {30) 7
pholk.satDebounceTime (50)

Serial.begin{l15200);
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led.initi{};

Icd:initd)s

led.backlight () :

led . setCursor (0, 0 ;

Icd.print (™ @=>> VENUS-02 << 7);
Icd.seclursor(0,1);

led.print{™ VENTILATCR UNHAS "):
delay {1000}

led.clear().:

tv = EEPROM.readInt (addr twv);

bpm = EEPROM. readInt (addr bpm) ;

ie = EEPRM.r=zadInt (addr ie);

vold loopil) {
phaet.loop () ;pbleft. loop () spbup. loop () spbright.loop [} rpbdown. 1oop {) spbok. locp () 2

switch {state) {
case O
led.zetCuracr (0, 0) ;lediprint (THOME™) ;
led.setCursor {0, 1) ;led.princ {("IV ") disp{tw,5,1);
led.setiursor(0,2) ;lod.print ("BPY ™) sdisp(bpm, 5,2} :
led.setCursor(0,3) rledoiprint{TIE I/ ")rdiap(ie, 7, 3);
1f {pbok.isPress=d({}]{
lcd.cleaz ()s
state = 1;
}else
state = 0;
1
break:

led.gecCursor{d, 0) jled.ipring (T5et Volume™) ;
ledosetCursor {0, 1) ;lediprine ("IV ") rdispitw,5;1) ;7
ledosecfursor {0, 2) ;led.print ("BPM ™) ;disp{bpm, S, 2);
led.getCurdcr (0, 3) jlecdiprine("IE :1/7)rdisplie,7,3);
if {tw>300){

tv = 200;

Jelse if (tw<100j ]
tv = 100;

}else
i i H

if(pbup.isReleas=d () )]
tw=tw+10;

}else if {(phdown.isBeleased()){
tv=tv-10;

}else if(pbleft.isReleased()) ]
led. clsar() ;
3tate = 07

jelse if (pbright.isBeleased{)){
Ied.elear )
state = 27
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cage 2

cage 3

}else if(phok.isPreased()) |
EEFROM.writelnt{addr tw,tv]:

led.secCursor (15,00 ; led. print {"Saved™) ;
state = 1;

Ielae |
state = 1;

}

break;

led. setCarsor (0, 0) s ed.print {"Set BPM");

led secCursor {0, 1) ted.princ ("IV ") ;diapitv;5,1):
lod.setCursor{d, 2) rled..print ("BPM ™) ;disp(bpm, 5,2}
ed.secCursor (0, 3) ricd.print{"IE 1/™) - dispiie,7;3):
if (bpm=40){

bpm = 40;
}else 1f {(bpm<8) {

bpm = &:
}elze |

bpm bpm;

if({pbup.isBeleassd({))
bpmt+;

}else if{pbdown.isBslsgsed() )|
bpm-—;

}else if(pbleft.isBeleased{))]
led.cl=ar():
state = 1;

}else if(pbright.isBeleased(]) )]
lcdicleari) ;
state = 3;

}else if{pbok.isFress=d{)){
EEPROM.writeInt {addr bpm, bpm) ;
led.setCursor (15, 0 rled.print {("Saved™ ) s
state = 2;

}elae |
state = 2;

}

break;

led.setCursor (0,00 rled print ("5t LFET)
lod . setCorsor (0, 1) s led .prine (TIV ™) displty, 5, 1):
led.zetCursor {0,2) ;led.princ ("EPM : ") ;disp(bpm,5,2)
led. serfuarsori{d,; 3) rledsprint ("IE- 1Y/ 7)rdiapiie,7,3)r
if {ie>5){

ie = 57
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lelse if {ie<l){

ig =:1»
}else |
ie = ie;p

}

if (pbup.isBslea3=sd() )|
ie++r

}else if{pbdown.isRelsased() )]
TE—n

}elzse af (phbleft.isBeleased(] )|
ledicl=ar();
state = 27

Jelse if{pbright.isReleassd()){
Ioed.clear{):
state = 4;

lelse ifipbok.isPrassed{))|
EEPEOM.writeInt{addr ie,ie};
Ied.secCursor (15, 0)rled.print ("Saved™) -

state = 3;
Jelse |
state = 3;
}
break;

case 4
tw = EEPRM. readInt {addr_twv);
bpm = EEPROM.r=adInt {addr bpm);
ie = EEPRM.readInc{addr ie);
ie = EEFROM.readInt (addr ie):
pericda =(60.0/bpm) *1000.07 // dalam ms
ton = {1/{l.0+ie) )*perioda;
toff = perioda - ton;
highpresson = tv;
highpressoff = periocda - twv:
lowpresson = ton;
lowpressofif = toff:
led.getCargor (0, 0) rled. print{™IV: ") rlod.print (tv) s cdoprinc (™ "jrlocdiprint
led. secfursor (0, 1) s led.print (T :"Viled.print(perioda) ;5
led.setfursor (0, 2) rled.princ{"ton :"):lcd.princ {ton);
led.secfursor (0, 3) rled.prine{"toff: ") s led..prinG (tofL) ;
if [pbok.isRelsas=sd(}) |
led.clsar();
state = 07
}elae if {pbapt.isBeleased()]) {
gebeluml=millis{);
gebelumd=milli=({};
state = 5;
!
break:
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cagse 5
sekarang = millis(});
if{{lowpresatate == HIGH) && (sekarang - sebelum? >= lowpresson))q{
lowpresatate = LOW;
sebelum? = sekarang:
digitalWrite {lowpressa, lowpresstate):
lelae if ({lowpresstate = LOW) && {sekarang — sebeluml >= lowpressofi))]

lowpresstate = HIGH;
gebelumd = sekarang;
digitalWrite(lowpress, lowpresstate);
1
if{{lowpresstate == LOW) &&(highpresstate == HIGH) && (sekarang - sebeluml >= highpresson)){
highpresstate = LOW;
gebeluml = sekarang;
digitalWrit=(highpress, highpresstate);
}else if {{lowpresstate == LOW) sz{highpresstate == LOW) &s (sekarang - sebeluml »= highpressoff)){
highpresstate = HIGH:
gebeluml = sekarangy
digitalWrits (highpress, highpresstate);

if (gekarang-sebelums =sampling) {
gebeluml = sekarang;
t deltaP = ((aznalogRzad(Al) * ADC mV - SensorOffset) / sensitivity * mmh20 paj: J/ result in Pa

o
o

cat O = 5.42%zqrt (deltaP) /1007
loat cmh2o = i /{ result in cmH20
led.setCursor(13,1);led.print {("P: ") ; led.print {" 4
led.setlursor {15,1) ; led.print {cmhaa) ;
led.secCuraor{13,2) ;led.print ("Q: ™) s led.princ (7 i B

led.setlursor {15,2) rled.print (Q,3) -
led,setCursor (13,3)led.print {Q, 3)
Serial.println{cmhio);

if (pbok.isPress=d{)}{
digitalWrite (highpress, LOW) ;
digital¥Write {lowpresas, HIGH) ;d=lay (5000) 7
digital¥Wrice (lowpress, LOW) ;
led.clear{):
state = 0;

}
break:
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Lampiran 2. Pengujian ventilator di RS. Dr. Wahidin Sudirohusodo
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Lampiran 3. Pengukuran PIP dengan Sensor MPX 5010 DP

@ code_ v

File Edit Sketch Tools Help

code_venus_revi

#include <ezButton.h>
$include <Wire.h>»

#include <EEPROMex.h>
#include <EEPROMVar.h:-
$#include "Arduing.h”

void setup() s
void oop()s

ezButton pbset(2);
ezButton pbleft{3);
ezButton pbup(4):
ezButton pbright(S);
ezButton pbdown{€);
ezButton pbok(7);

conat bytz highpreas = 44;
bool highpresatate = LOW;
unsigned long sebeluml = 07
lcng highpresson;

long highpressoff;

conat byt2 lowpress = 45;
bool lowpresstate = LOW;
unsigned Iong sebelum2 = 0;

#include <LiguidCrystal I2C.h>

void disp{int input,byte col,byte

LiguidCrystal T2C lcd{0x27,20,4);

W) ¢

16.49

W

[ Autoscroll [T 5how timestamp

Newlne v [1s200ba o] | Clear output.
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Lampiran 4. Pengukuran PIP dengan Manometer

@EE_U‘!: GMS510
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Lampiran 5. Tabel hasil pengukuran tidal volume dan PIP

Volume Udara
Terukur (ml)

Peak Inspiratory Pressure (cmH20)

Solenoid

‘gf)"g; PEEP | PEEP | PEEP | PEEP

Inspirasi | Ekspirasi | valve 5 | valve 10 | valve 15 | valve 20

cmH20 | cmH20 | cmH20 | cmH20
0.10 50 50 2.7 5.4 9.1 11.6
0.11 60 60 2.8 5.5 9.3 11.9
0.12 70 70 2.9 5.6 9.6 12.3
0.13 85 85 3.0 5.7 9.8 12.5
0.14 90 90 3.1 5.8 10.0 12.8
0.15 100 100 3.2 5.9 10.1 13.1
0.16 115 115 3.4 6.0 10.1 13.1
0.17 130 130 3.6 6.0 10.1 13.1
0.18 140 140 3.8 6.1 10.2 13.2
0.19 145 145 3.8 6.1 10.2 13.2
0.20 160 160 3.9 6.2 10.2 13.3
0.21 170 170 3.9 6.2 104 13.3
0.22 180 180 4.0 6.3 10.6 13.3
0.23 195 195 4.0 6.3 10.8 13.4
0.24 205 205 4.1 6.4 11.0 13.5
0.25 215 215 4.1 6.5 11.1 13.5
0.26 225 225 4.1 6.6 11.2 13.6
0.27 235 235 4.1 6.7 11.2 13.7
0.28 245 245 4.1 6.8 11.2 13.8
0.29 255 255 4.2 6.9 11.3 13.9
0.30 265 265 4.2 7.0 11.3 14.0
0.31 275 275 4.2 7.1 11.4 14.1
0.32 285 285 4.2 71 11.5 14.1
0.33 295 295 4.2 7.2 11.7 14.2
0.34 310 310 4.3 7.4 11.9 14.3
0.35 315 315 4.4 7.6 12.3 14.4
0.36 325 325 4.5 7.8 12.3 14.5
0.37 330 330 4.6 8.0 12.3 14.6
0.38 335 335 4.7 8.2 12.3 14.8
0.39 345 345 4.7 8.2 12.3 14.8
0.40 355 355 4.7 8.2 12.3 14.8
0.41 365 365 4.7 8.2 12.3 14.8
0.42 380 380 4.7 8.2 12.3 14.8
0.43 400 400 4.7 8.2 12.3 14.8
0.44 420 420 4.7 8.2 12.3 14.8
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Lanjutan lampiran 5

Volume Udara

Peak Inspiratory Pressure (cmH20)

Solenoid Terukur (ml)
Valve 1 PEEP PEEP PEEP PEEP
On (s) | Inspirasi | Ekspirasi | valve 5 | valve 10 | valve 15 | valve 20
cmH20 | cmH20 | cmH20 | cmH20
0.45 440 435 4.8 8.2 12.4 15.0
0.46 455 450 4.8 8.2 12.5 151
0.47 465 460 4.8 8.2 12.5 15.1
0.48 475 475 4.8 8.2 12.6 151
0.49 480 480 4.8 8.2 12.6 15.1
0.50 490 485 4.8 8.3 12.6 151
0.51 505 500 4.9 8.3 12.6 15.1
0.52 515 515 5.0 84 12.6 15.1
0.53 530 525 5.1 84 12.6 151
0.54 545 545 5.2 8.5 12.6 15.1
0.55 565 465 5.3 8.6 12.6 151
0.56 575 475 5.3 8.7 12.6 15.1
0.57 585 480 5.3 8.8 12.6 151
0.58 590 490 5.3 8.9 12.6 15.1
0.59 610 605 5.3 9.0 12.8 15.2
0.60 620 620 5.4 9.0 13.0 15.3
0.61 630 625 54 9.0 13.2 15.4
0.62 650 645 5.5 9.0 13.2 15.4
0.63 665 665 5.5 9.0 13.2 15.4
0.64 675 670 5.6 9.0 13.2 15.4
0.65 685 685 5.6 9.0 13.3 15.5
0.66 700 690 5.6 9.0 13.4 15.6
0.67 715 710 5.6 9.0 13.5 15.7
0.68 725 720 5.7 9.0 13.6 15.7
0.69 740 740 5.7 9.0 13.6 15.7
0.70 750 745 5.7 9.1 13.6 15.8
0.71 765 760 5.9 9.1 13.6 15.9
0.72 775 770 59 9.1 13.7 16.1
0.73 785 780 5.9 9.2 13.7 16.2
0.74 805 805 5.9 9.2 13.7 16.3
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Lampiran 6. Tabel hasil pengukuran PEEP

Volume Positif end Expiratory Pressure (cmH20)
Udara
Terukur | PEEP Valve | PEEP Valve | PEEP Valve | PEEP Valve
(ml) 5 cmH20 10 cmH20 | 15cmH20 | 20 cmH20
50 0.9 2.9 6.3 7.6
60 0.9 2.9 6.4 7.9
70 0.9 3.0 6.5 8.3
85 1.0 3.1 6.7 8.6
90 1.0 3.1 6.9 8.8
100 1.0 3.1 7.0 9.2
115 1.1 3.2 7.0 9.2
130 1.1 3.2 7.0 9.2
140 1.1 3.3 7.1 9.3
145 1.1 3.3 7.1 9.3
160 1.1 3.3 7.1 9.3
170 1.1 3.3 7.1 9.3
180 1.1 3.3 7.2 9.3
195 1.1 3.3 7.2 9.3
205 1.1 3.3 7.2 9.3
215 1.1 3.3 7.2 9.3
225 1.1 3.3 7.2 9.3
235 1.1 3.3 7.2 9.3
245 1.1 3.3 7.3 9.3
255 1.1 3.3 7.3 9.4
265 1.1 3.3 7.3 9.4
275 1.1 3.3 7.3 9.4
285 1.1 3.3 7.3 9.4
295 1.1 3.4 7.5 9.5
310 1.1 3.5 7.7 9.5
315 1.1 3.6 7.7 9.5
325 1.1 3.7 7.7 9.5
330 1.1 3.8 7.7 9.5
335 1.1 3.8 7.7 9.5
345 1.1 3.8 7.7 9.5
355 1.1 3.8 7.7 9.5
365 1.1 3.8 7.7 9.5
380 1.1 3.8 7.7 9.5
400 1.1 3.8 7.7 9.5
420 1.1 3.8 7.7 9.5
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Lanjutan lampiran 6

Volume Positif end Expiratory Pressure (cmH20)
r
T%?Skﬁr PEEP Valve | PEEP Valve | PEEP Valve | PEEP Valve
(ml) 5 cmH20 10 cmH20 15 cmH20 20 cmH20
440 1.1 3.8 7.8 9.5
455 1.1 3.8 7.8 9.5
465 1.1 3.8 7.8 9.5
475 1.1 3.8 7.8 9.5
480 1.1 3.8 7.8 9.5
490 1.1 3.8 7.8 9.5
505 1.1 3.8 7.8 9.5
515 1.1 3.8 7.8 9.5
530 1.1 3.8 7.8 9.5
545 1.1 3.8 7.8 9.5
565 1.1 3.9 7.8 9.5
575 1.1 3.9 7.8 9.5
585 1.1 3.9 7.8 9.6
590 1.1 3.9 7.8 9.7
610 1.1 3.9 7.8 9.8
620 1.1 3.9 7.8 9.9
630 1.1 3.9 7.8 9.9
650 1.1 3.9 7.9 10.0
665 1.1 3.9 7.9 10.0
675 1.1 3.9 7.9 10.0
685 1.1 3.9 7.9 10.0
700 1.1 3.9 7.9 10.0
715 1.1 3.9 7.9 10.0
725 1.1 3.9 7.9 10.0
740 1.1 3.9 7.9 10.2
750 1.1 3.9 7.9 10.4
765 1.1 3.9 7.9 10.6
775 1.1 3.9 7.9 10.8
785 1.1 3.9 7.9 10.9
805 1.1 3.9 7.9 10.9
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Lampiran 7. Pengukuran PIP dan PEEP (RR dan I/E berbeda)

PEEP Valve | PEEP Valve | PEEP Valve | PEEP Valve
RR & 5 cmH20 10 cmH20 15 cmH20 20 cmH20

e | VT
PIP | PEEP| PIP | PEEP| PIP | PEEP| PIP | PEEP

10-1/1 | 805 6 0.4 9.5 2.2 14 6.1 16.3 | 8.6

10-1/2 | 805 | 58 | 04 9.5 1.8 [ 132 | 59 | 163 | 8.3

10-1/3 | 805 | 58 | 04 9.6 20 | 135 | 59 | 165 | 73

10-1/4 | 805 | 6.0 0.6 9.8 26 [ 139 | 65 | 164 | 7.5

10-1/5 | 805 | 6.8 | 0.4 9.4 20 | 138 | 6.0 | 164 | 7.5

20-1/1 | 805 | 5.9 1.1 9.2 39 | 187 ] 79 | 163 | 10.9

20-1/2 | 805 | 6.4 1.6 9.5 39 | 139 | 8.0 | 16.6 | 10.8

20-1/3 | 805 | 6.0 1.3 9.4 38 | 13.7 ]| 83 | 16,5 | 10.8

20-1/4 | 805 | 6.2 1.6 9.8 43 | 142 | 89 | 16.2 | 10.2

20-1/5 | 805 | 6.5 1.7 9.7 40 | 143 | 84 | 164 | 10.5

30-1/1 | 805 | 5.5 1.2 9 46 | 134 | 9.7 | 159 | 117

30-1/2 | 805 | 5.7 1.8 9.1 49 | 135 | 98 | 158 | 123

30-1/3 | 805 | 59 | 24 9.6 54 | 137 | 9.7 | 162 | 124

30-1/4 | 805 | 6.1 26 | 10.0| 58 | 138 | 99 | 16.1 | 125

30-1/56 | 805 | 59 | 26 9.6 56 | 133 | 941 16.1 | 12.2
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Lampiran 8. Pengujian ventilator di BPFK
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Lampiran 9. Data hasil pengujian tahap terakhir di BPFK Makassar

Solenoid Valve | VT Terukur Peak Inspiratory
1 On (detik) (ml) Pressure (cmH20)
0.10 81 5.8
0.20 235 13.3
0.30 357 17.8
0.40 409 19.1
0.50 432 20.8
0.60 599 26.6
0.70 621 341
0.80 638 42
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