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A 20199 128 ES=olA AAE ARusiol{ATHS-19
(COVID-19)2 SARS-CoV-2 HiolgjAof o5l €HAist= AFHo|tt A2
Lol A g 5-19 (COVID-19) Hu9l2> A AAFCz AFZoA ¥

T2 uFen, JRIEA] oF 79 7T 740] =kl Ate7t ARSIt [1].
23 139 o] AR e ¥4l HEN 35 B RX[o= S4stal, A
22 Ed¥o|7l WARHA COVID-19 Y ALt ALsIA 571519
o [2, 3]. 5% COVID-19 &t 557] &der Qs =25 24, ¥4
e 2 @S, ;I 3 59 IS5 Ao Tt &4H
TS Av 40T Boh duvegle 2o Fast AW A
FRlolt} [4-8]. A% Al=7t Hast exte] Ze, JEl 7idE Hsl 7
AL 27] ARE BN, £ B, X RYEHE 24 SR (ICU)
o] W4Aolct [9, 10].

New cases in Change in ) New deaths Changein )

; new cases | Cumulative 2 new deaths Cumulative

WHO Region last 28 days . in last 28 .
(%) in last 28 cases (%) days (%) in last 28 deaths (%)

days * days *
; 1298 782 206 823 836 1092 416 682
il
Western Pacific (92%) 52% (27%) (58%) 9% (6%)
104 681 275912 918 682 2247 113
Europe (7%) 39% (36%) (36%) -43% (32%)
. 3780 61201773 54 o 806 661
South-East Asia (<1%) 48% (8%) (3%) 51% (12%)
Eastern 3139 23 388 656 28 - 351 395
Mediterranean (<1%) 3% (3%) (1%) 32% (5%)
: 1122 193 210 684 28 2 958 886
§ ¥

Americas (<1%) NA (25%) (1%) NA (43%)
. 746 9 547 082 4 175423
Africa (<1%) -76% (1%) (<1%) -73% (3%)
1412 250 770 085 713 13888 6956 173
Global (100%) Lo (100%) (100%) il (100%)

2% 1 WHO Alofd Al 948 2 A COVID-19 Al 2 Afiat &
(2023 8¥ 274 71&)
*World Health Organization (WHO)
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SRFENA AE /A AIAR S ARESHE 212 COVID-19 A}
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2 2 Philipso| Al Al&38t= eICU m2 =8
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2. A @AHA ]

Wm0 ofet et ATE A%SA F7HSISEeH, COVID-19
o —’.“—R% 7Ist 2842 okt et Z=24 Hh9o]
aFolol ®apt Ao, A" AAAo (Digital
Al e =olR ) [20]. OAE aAFojzk o2 AHEA]
1% (CT)E §3s W5 o2 APwe] Aula Aol 13 3} 2
of TR WAAol: mutel WAA|, PHoIR, BHRRAE, C]A|
YR7I0RAAR Bopg s 4 lr)

N
o
I
)

LLu

g A (Telehealth)?t EH WAl (Telemedicine)2 9]gH|8&S A

Z5ln o2 2lars agNoR gl o 2 slog st [21). &
Aoyl Se e setn %wm Aozt o]=u|82 Austu
I 2 Jlolg slgct delaat &

ArEolAl gAY olg e Ale s wE 5 e "HeldS Alsst

[

- ot
ol A2AH Aofolut olgel BA2 Us) ez Aulxd] B2 ol
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g 4 9

1Y 3 OXg WAAel % 97 o7 1xE
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GE da7ololA HAE ¥4 zYEE £249 'FE (Mural) 2 &
Alstich. 1 59F o] RHE2 Odet Qur|7|=RE SAE SRRt
7|2 &deAls ) AKX T PACS (Picture Archiving and Communication
System)e} Z2 HloJHE AAter SN0 AlFsict. ©d HY W

= eFeAts Ato 974 U3
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" 5 GE &AaFo] /73

*GE Healthcare Mural Virtual Care Solution



E5, WAL WY § OAY WxAo] £2HL FEstch 2
2] 69 BlolQAE|A MAL 302 E ol§o] sbsd Usl§ gYojalz
MAZ RLstoich Ate U2l§ malz mRo] Rastd Ale, du &

5 ML ZE 2E VIR 52 2UEHIZE 4+ o

& B|oHub j BioSticker

I3 6 YA vio] AE|A AlA
*Philips

olg7]7] BYUHHLE $Hx}e] 7

1% el A1402 AL AEshe
6 WA lgolch 2 ATE Fa WA SUHS Al L
A AT 4 9lom, AFB VIR ofel tE oeIles AEd
2 9 AR Al oleldt AARle Fof oAl Fatel e
£ AARtoE BUHYSL BRF 2 AAES WA HF 4 U=s
=943 Zola} slchEct



>
[
ol
4
B

o] = U Ao %O] 7} =2 Maquet Servo-i 014—2—7]% Oige
ERPAPS 7HHE*6}<;*;E+ 29 78 A BANY N29Y Pe
Maquet Servo-i ¢l

L PCt A2 ™A

||

o},

2 Ao = AFsS7] &5 ol ZUHZ AAHL Zit2l ZUE]
3 *li‘%‘., S5 dolg &4 AJAREZ FASHITE ZHu2t G4 Tlo]Eef
A 25 fo|g7t ZstE glolg mj7] XM4-2 TCP/IP (Transmission

Control Protocol/Internet Protocol) EAlo 2 JAHEROTH, = 9
7tHleb= Ojy PCet USB (Universal Serial Bus)Z, 9l5357]+=
RS232C (Recommend Standard 232C) to USB=Z Al AZAE o] Qlict.



Inside ICU

Left camera

Right camera

Ventilator

miniPC

Outside ICU

Server computer

Live Monitoring

Data Analysis & Storage

a7 7 AH AAE e

_’IO_




o

8ut go] oy PColA & o] 7iH2} 4 dlolE A
= YAl dioly 242 sty TCP/IP S4lS

Ade MY PCoA o]fojRlct. Eoh, 44 2UH
Hlolg = 10FPSZ Atz HEHY, 5
= AY PCo| A 24 AIARS &8l &Ate] =5 8 Hets

wol B 4 9ok

|

N
fol
@ cl

ol

>
of,
o

)
i)

% o S oo for

Inside ICU

Left Camera Right Camera Ventilator

USB USB RS232C

| RS232C to USB |

v {

miniPC USB USB

Image Processing Raw data

! 1

i I
- ol S M S R e ——————
1 1 . 1 1
1 1 TCP/IP wireless 1 1
S S [

Outside ICU | !

1 1

ServerPC ; i

A

Live Monitoring Data Analysis

T

Data Processing

o 8 AA AAR 7x

_’I’I_



A7 DUEY A|AELS Python 3.9 T2 1Y AojE 7]
9lt}. Servo-i Q135 57]9] 742 RS232C A& QlE{Ho|A
Au)QF AAS 4 Qltt. Q1Y s 57]% Baud rate 9600, 4
0151 P22 ASCI E+= Holye], AmEQo] JHENo] A5 A|Hgtr). 0]
Y PCi PN5IEL-B (ASUS) 2Hg AME5I0 CPUE 32GB RAMS &7
3t AMD Ryzen 75700UZ A}83tch Aw PC AkS CPUQ #HQ
32GB RAM-E ©&Aist Intel(R) Core (TM) i7-6900K-S AhE-st¥ct. ojYy
PCQ} AMB] PC= TCP/IP EA1S E3f AAwQcH

ZEE7I0IA YAl HlolElE 2A15P] S8l Al BA A4S 7
=519}t Maqueto|A A|&ot= CIE (Computer Interface Emulator)
LT2EES &l Adues7| SAlsHIT s ag7]oA Alsste dlo]
E|9] £ 7% curve channel, breath channel, setting channel, alarm
channel 47}%x]o]t}. curve channel® H&A J S5 oY HiojlgE =
st5t 50Hz (20ms)Q] A= eo]ES 7ty 9100, breath channel2
<A FEIS RO o F HolHE %i}ﬂr 12}l setting channel
A dEjQ] Q¥ s 57|19 AALES UEFY i, alarm channelS A 9
A FEHZ dF=E70A TS 4 U&s xdeH. Adux=57]0
A Zdf 180719 HlolHE &&T 4 ey Hojg EZH Algte= <l
s &9 A2 dlolEd 797H%E F&stth ®m1o £ ¥z 57| AE
diolg] gA2ER, 2Q A AH d 257U A7t Aofstd
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Channel type

Channel name

Curve channel

Airway pressure
Volume

Breath channel

Measured breath frequency
Exp. tidal volume

Insp. tidal volume

Insp. minute volume

Exp. minute volume

Peak pressure

Mean airway pressure

Pause pressure

End exp. pressure

02 concentration

Insp. Resistance

I:E ratio

Ti (Insufflation time)

NIV, Leakage fraction
Flastance

Ti/Ttot

Total PEEP

Spontaneous Breath frequency
Work of Breathing, Ventilator
Work of Breathing, Patient

Setting channel

CMV Frequency

Pause Time

SIMV Frequency

Insp. Rise Time

Pressure Control Level above PEEP
Pressure Support Level above PEEP
PEEP

Ventilation Mode

Insp./Exp. Pause Hold, Oxygen

Breaths

CPAP

Exp. minute vol. Upper alarm limit
Exp. minute vol. Lower alarm limit
Upper pressure limit

Alarm mute/pre-mute Status

02 concentration

Trigger sensitivity level below PEEP
Trigger sensitivity level above PEEP
I:E Ratio

Tidal volume

Backup RR

Backup Ti in Seconds

Insp. Time in seconds

Insp. Rise Time, in seconds

_13_
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SIMV Breath duration

Back-up Pressure Level Above PEEP
Insp. flow

Cycle off Fraction Level

Breath frequency Upper alarm limit
Breath frequency Lower alarm limit
PEEP Lower alarm limit

PEEP Upper alarm limit

Exp. minute vol. Lower alarm limit

Backup ['E Ratio

Alarm channel

02 conc. too high-alarm
02 conc. too low-alarm
Airway pressure alarm Upper pressure

exceeded-alarm

Exp. minute volume-alarm
Apnea alarm/Backup ventilation
Gas supply alarm

Battery alarm

Power Failure-alarm

Mains Failure-alarm

Barometer error-alarm

High continuous pressure-alarm
Overrange-alarm

No patient Effort

Leakage out of range

Check tubing

Breath frequency High

Breath frequency Low

PEEP Low

PEEP High

CPAP High

CPAP Low

Exp. Minute volume too high-alarm
Exp. Minute volume too low-alarm

Leakage fraction too high

limit

_14_



I3 99t #o], /1¥32E57] @& Hlol8+& curve channel HoJH S <
£2™07g LAty oHIEZE dRAEE HQ breath channel, setting
channel, alarm channel 0|7} A= §5 YA] Hloj]H= Ui
B3 < Ay PCoA HolHE AEdE 2 223ttt curve channel Ho]E
104l JEl2 50Hz £=8 HAEY, stHY 252 571, ZA, =
712 o]fojx qlof, Zt7F AsiAl tloly stE sl Haeitt

rr o

5257l =5 dlolHe 4 MA@ HolHE=Z csv A2 Ay PCO|
FEIT) curve channel®] U|o|E|= pressure, flow, volume U|o|E|7}
72v7y ¥x9o] csv YR XA, breath channel, setting channel,
alarm channel& 7}7F shtQ] csv A2 AAr=Ec)
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Inverse perspective transformation
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Al SR HA M= 4 A (Image registration)2 53 Y% o]0]
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(outlier)o]] geh dargjFolct. =o]=7} 0 IX|qh, leo]== YrgstA|

A

o7 51tk clolElt ARIsHE oYFel BAE AEEIC HANFYE X
gstol & ojulx|o] WS BYstL TEA S At Wy
PP AL ol AL /Mo old A2 e A SA YA
o] Ay BARICH

opRgt SR 2 "Agol JHEA| 0.58 Fstel £ olojx g Agsta
ojujxle] MYE 73S 93t WEZ ASSIAt ABEE] 23 o]
NS FUSH fAlste ool BEAUA HR £ BAlZ REA
oz siEstoich. 13 14t 4Tl Ay A NS Aol A%
o £ a2 Aystel 02K YL HolFCTh UL sl YL
A9 W WAL o2, AZAIC) 59 o 9.2 dlolE &4e] ARtk 7
g 2v U o) sllate Agste 49 Y S AuE BAN
T o] slolete AFES AT SARE AT Hol £ oje] etz
Astect.

_2']_



3.2 giolg TUEH AlAH

U257l =25 HolH & & A¥ PCz2 AZd HlolgE HARE b
o

ol RUHEF GUI (Graphic User Interface)olA] &1 4 Qlt}. 2
Apo A AF8E Maquet Ale] Servo-i 912355719 A3 EY5H]
gArelste] ogilso] AMEE of &350 QL= 5t '?a‘ 159} ZFo]

ol

c}.
AR ol33557] 239 st =AsHA AASE GUIE &
Bt

A5 ZUEo] 7heet 16719 dlojg= ®20 AAIE U

o

Servo — i ventilator screen Live monitoring GUI

a7l 15 Q12557 2323 dojg LU AJAR GUI 8]
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dolg ZUH A|A"S Sl ®220] AAlE A2 HojEE HARRTS
3

2 RUHHT 4 9l o]t curve channel % pressure?t volumeo]
dist W2 sAlstt). flow Hlo]Ef= volume H|o]E 9] ¥atgds ofulsta
2 025t ALt s 4=t
channel type Live monitoring respiratory data
curve channel Airway pressure
Flow
Volume
breath channel Peak pressure
Mean pressure
Positive End-Expiratory Pressure (PEEP)
Respiratory rate
Oxygen concentration
Inspiration to Expiration ratio
Expiratory minute volume
Inspiratory tidal volume
Expiratory tidal volume
setting channel Oxygen concentration

Positive End-Expiratory Pressure (PEEP)
Respiratory rate

Tidal volume

T2 AAZF BUEY 7153t 55 flog
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23 162 Hloly ZYHY A28 GUIZ HAfFe 2 Ak = TlolH

L.

»

= C}. Curve channelQl pressure, flow, volume G|o]El= <l
©57] sampling rate ¥} FUSH S50Hz= ZstH, &2fold Y=LE
T+3sto] Holg7t AAjZte 2 Ho]lr= sttt E3H breath channel,
setting channel, alarm channel®] 738 QlZ S5 7|0oj|A] o|HIET} BFAH
shY2 o, AT oot s &3t

uju
rot

=5 | al
— o
=

B Servo-i ventilator = O *
ey Admit : :
LAN Volume Control Automode i Nebulizer Status X
WiFi patient

26-07 1966
Ppeak {cmH,0)

P
(cmit0) 10
PEEP

HcmH;0)

“'RR (bimin)

02

e

1:2.0
MVe (Iimin)
0.3
(o) 436
NTe
L : “{ml) 399
02 Conc. PEEP Resp. Rate Tidal Volume
Additional 2 5 3 0 Additional
seftings 1 1 44 values
% cmH20 bimin ml
=i = B | |

13 16 Jd5=257] o8 2YHT A|2-GUL
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3.3 B3 TUEY A|AH

Ol
-

53557 &5 Hloly ZUYE P Ziel BYE PGS FAo] X885
7] 9ste] o]y PCoA A8 PCZ dolg & AM4s17] sl 7l EAl
TSI AFE g7t = o9l Zhuets uly PCojl AZAEo] 9lon,
oy PColA G4 AM2lE & o wujo] 2l S5 HojEet 4 A
AAHS 10FPSE Av] PCol| mj7] Hej2 MLEct mjzle 1 171 7

m[o

o] ¥4 Hlolg Zo], 94 dolH, =F HlolH 7EO] 25 HolHz +#
ddot. G4 HlolH+= JPEG Y550 basebd IZFe HiolE7t m7lo]
ZAE, o F Eﬂol'ﬂ% As25710A 41" ﬂ“l HolgE =&t
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o1 PC2 M4d 94 dolgt 0IY 5 250, 55 YolHL
off AlxtElol &€t O8] 183 o] A%o= 7
= olols Ry AlATe Egshelnt

" o | w1

CIE =238 5
o} RUE AlA=E} o

28] 5F RUHY A28 GUI

o4 18 ¢
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|

ol Jhsatn], #Ale] J]E PEE B 4 9tk Load
of dst= AS AHistal Load Data &= & A8 A
£ gojec) g o] o, ABEEY] Holg 4 A7t X WAL
ID AX7} QIt}t. pressure curve, flow curve, volume curve®} peak

_IE'J ]_994» 7]—0] X—] I:HRH E,Hoﬂ/\ w 7\_]_1 Eﬂ©]E1%— ii%tﬂ‘% %Klo:]

pressure, mean pressure, PEEP, respiratory rate, 02
concentration, [:E ratio, expiratory minute wvolume, inspiratory
tidal volume, expiratory tidal volume& =Qlgt 4 Qlt}. ofgfje] A3
SHHE 49 A o8 S ¢heol & & Aok A JEiv £4 o
U o] Azt Idio] S HlolHE ZYEIT &

Dt Aty

Ppeak (cmH;0) 28

Pmean (cmH,0) 10

PEEP (¢mH,0)

RR (b/min)

02 (%)

I'E

MVe (I/min) 8.1

VTi (ml) 447

—_ VTe (ml) 409

23 19 /1525 7] gole &4 AlA’ A WA | (Overview)
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FEj2 Aelstect. 12 201

WA Rl 5E dste WA EF
A E2e oRAle] i 5F dolg F 849 £8 doleg
ST 4 YRS WA B2 Im PO Yepfgich. 30|
%9 tlolel7t Yeht 9lct

channel name

Measured breath frequency
Peak pressure
Mean airway pressure
Expiratory tidal volume
Inspiratory tidal volume
Expiratory minute volume
End expiratory pressure
Inspiratory minute volume

[3 9A BEoR 39 JhsE £F folg
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1%
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|t
!
Flo
ofm
N,
i)
)
o
)
M
=
|
Ral
N
2
|o
Hu
=]
ok
ol
o
i
|d
&L
i)
N
cE
(@]

o}, dlolele] 41 A%, BAL 12]1 olgA 2 melst: o A&t
A TR WAL A upge] 4 (whisker)o =z /JEITE vFEA YR
He FUWS Uehnl, At 14940 Rz AN
o ¥tA9] 37]= IQR (Inter Quartile Range)Z 3AFEY0A 1AHE
25 W o] =t Esh o] dX|= Aoz Ho Aok m2hA ghxpe]
& dolee] S92 Was morst o §8stof, oA BRES o
of 2 4 9t

S e e Pt 0
Ovriew  Papiwary Machincs  BrsthSummary Seting, N Summary
Respiratory Mechanics
475
15.0 |v | 30 == 12.0 — —
| 450
14.5 = 15
| | ® . 425
14.0 == 1.0
® 400 ]
135 105 |
1 375 i
13.0 - 10.0 1 |
10 I
350 |
125 95 I
5 325 |
120 ° 2.0 — -

Measured_breath_frequency

o
Peak_pressure

Mean_airway_pressure

L]

L]
\

]
=
: |

°

6.5

6.0

55

5.0

Insp_tidal_volume

Exp_minute_volume

End_exp_pressure

Insp_minute_volume

ol
N

0 ABEEY] Clolel BA] 2% £ iR 2

(Respiratory mechanics)
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ad 212 Al HA] Jog X 55 tolHE ZYEY
B 40] AAlE #Q folg 13719] breath channel H|o|EE
IQR, Al=]411t, 2Lt g2 AlLtstlo

st
=2

channel name

Peak pressure

Mean airway pressure

End expiratory pressure

Expiratory tidal volume

Inspiratory tidal volume

Expiratory minute volume

Inspiratory minute volume

Respiratory rate

Oxygen concentration

Non invasive ventilation leakage

Inspiratory resistance

Total positive end expiratory pressure

Pause pressure

o]t,}'

N

ES
=
AR

4 breath summary BoA AAtE = 15358 7] 55 HolH

SonTine e ETeme
Dok | Bt o | By | S ot By
Breath History
Number of broath data 168
BREATH SUMMARY
Mean airw End expirator Expirator
Reck prassiira pressury ikl videloluma
(omH;0) (cmH:0) (mL)
265 100 5.0 3990
Median
40 225 20 460
QR
220-290 90-120 50-70 3190-4350
5™ 95"
3-a1 9-12 5-7 317- 468
Min - Max
NIV
L Oz Concentraion Leakage fraction
160 210
Median
10 00
1aR
120-150 210-210
Ehooen
12-15 21-21
Min - Max

Inspirato
tidal volumr:
(mb)
4450
510

3490-4824

346-510

Inspiratory
Resistance
(omHzO/L/s)

80
80
60

-3

Expiratory
minute volume
(L/min)

55

07
38-62

38-66

Total PEEP
(emH20)

Inspirato
minute volume
(L/min)
60
10
40-70
4-7
Pause pressure
(emH:0)
23.0
210

200

20

J& 21 9133 E7] fgolg BA AAEl A HE] B (Breath summary)
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OpA w9l 03 220 AFEEVIY U ClolElet ABEEY] A
dlojelg Sholdict A dlojelt ofH Lol SHEA|et Twfo] Alzte
slAEe FE|R BolEch AR5 57 44 dolet o RAlo] gxte] 4
elol met ABEE/1S AHL v o 2R dolEg HojFE

channel name

Oxygen concentration
Positive end expiratory pressure
Respiratory rate
Tidal volume
Pause time
Backup respiratory rate
Continuous positive airway pressure
Cycle off fraction level
Pressure control level above peep
Pressure support level above peep
Inspiratory rise time (%)
Inspiratory rise time (s)

Inspiratory time

15 setting & alarm summary BHO|A] AALE]= Q135 57| A8 Ho]H

|
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Hame o SonTina

Gvorvew  Rosgincorybochanics  Broadh Summary  Sating, A Sormary

Seftting History

Number of settings 52
Alarm History
Number of alarms 0
SETTING SUMMARY
0zConcentraion
(%)
210
Median
00
QR
21-238
Min - Max
Cycle off
anfu:cLavd
%)
Median
QR
Min - Max

w10 T T~ Piart0
Alarm SUMMARY
Time of Alarm occurance  Alarm name
PEEP RR Tidal volume Pause Time Backup RR
(emH:0) (breaths) (mL) () (breaths)
50 150 4500 100 -
10 30 625 00 -
5-7 12-15 350-510 10-10 -
Pressure Control Pressure Suj Inspiratory Inspiratory
Level above PEEP Level above PEEP Rise Time Rise Time
temH:0) {emH.0) % 8]
- = 50 [o1]
S = 00 00
- = 5-5 0-0

CPAP
{emH:0)

Inspiratory
Time
(s)

10

00

dlole] 4 AlA% U] v 3

(Setting & Alarm summary)
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B APolA Ftulz Afaot RA gxlo] BE A7t A@e Rtk
AF5F7I0A 92AS0] VIS5t RUE Yt Hojels A9 o8
Zo) 22 gxIatch. B8 EY] Aa) 93t slulete] 94X R 4ol o}
2 ol otwy] 8] vlLS MPsHACE 4o SloletE AFEE]
H RS, ShE A9 BASL A3 AT 5L, s 59, FAo
FoZol 92 Aol et UFL AAWsto] AUE v Ltk
T3 233 Zol J2jmo] YxIa B ARFe szt MA| Sixlolai,
Aen AAFge AFEEY] 23S Ui ATEEY] SHY o
Zof) WET w8} 9lo] ABT Q2% sjujet x| Yo o]} k.
ofzfel mol QBEEY] 23] FAS WHOE sto] mm B U
ERd 7t sjolete] Apmolct. 2502t o WO 185mm Ut 9ick.
300
200 A
LT RT
100 1
0
—100 A
LB RB
—200 +
—-300 T T T T T
-300 -200 -100 0 100 200 300

a3 23 A2 EY] Fhujet AR YA
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Al (x, v, z) &8

LB Left Bottom (-220.75, 139.5, 185)

RB Right Bottom (-220.75, -139.5, 185)

LT Left Top (268.25, -139.5, 185)

RT Right Top (268.25, 139.5, 185)

6 7t HA|

#72 oz YAl gist dgolct. I1 24, 25, 262 A¥2gU] &
A RER X dolg7t wAE o] AT &0 Fojzol de FF

o] Ftule} ot BA} ozl mE Astolct.

BN
LB Left Bottom
RB Right Bottom
M Middle part
LT Left Top
RT Right Top

=7 o= AR
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LB+RB

LB+RT

LT+RB

LT+RT

a3 24 20§9) Fhjet Abg:

ot

g A Ax
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RT+RB+LT+LB

13 26 Aol Ztoleh ARgS F A9 At
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L Ag2E7] AN 47 SUEY vz

B APE AB8EY] AART BUEY A2 23 #xje] Hojele
Ao AAHS AESIACh AAE BIlS 98] o] ARete vng
Aastect

Vagvolgyi et al. % MaquetAte] Servo-u QAF3 57|91 EHX A3H
olZSEV|S Ao BUEY A|AES Jldts 3
go=2 Servo-i Ol%ig 19} k24 »=H BlEo
Ztdlet 1415 o] &5ty Jdueg7] 23d &

T
)
ot S
o
el
o%
ol
ol
8,
I

QA. Ng et al.2 2f=H|2] mo] "CJ.—;_L HE ZAZES £5] Puritan
Bennett PB980 Q1x357| Ho|lE £ A
]

me“

oz 4 43 HolES A4Ho 2stol,
25 7 olet dlojelg Aatsteict. oju) Aatstel A
olel ;8w 2},

model-based meta data

Respiratory system elastance and resistance
Inspiration to Expiration ratio
Respiratory Rate
Minute Volume
Positive End-Expiratory Pressure
Peak Inspiratory Pressure
Tidal Volume

#8 232 Ho]A= AitE o RUE st HE HolH

Szlavecz et al.2 2% 7|9t oF st *E‘APJ ArE 7HssHl sk
CURE Soft A|ARLZ 7Rdstdtt [34]. CURE Soft A|ARLR Glo]g 24

3 2holE WU EYS ol RS-232 AE ZEE Fd|] Puritan Bennett
PB840 Q¥ 5g71et EAlstltt. Cure Softo]l+= %:— 71R] At mert 9l
o, 22iQl REoN= AARE BYHY W AARS XY€Y, 2
2l REofA= AREAL W&, A d2]1 RS W 4 Qo
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John et al.e GE Datex S/5 Alg]=9] uhy] TwUE (GE Datex
Ohmeda, Helsinki, Finland)o]A RS232 A& EA] TEES A85to] A
2)std Tlolelg 2astet [35]

Seifert et al.2& Y7 Ao} XIS 9Jst QlEmo|A T 1o R EE}
AS ZHgstgict [36]. Pulmonetic Al2E LTV 1200 °Qlg33E&7]
(Avante Health Solutions, Concord, USA)= £A AlE2] QIEIo]A
S &3l 7sstl sto] Hetd A4 Yl dZF22 S5 2 H 4 U
olEjo] AIAZIO R MHAF & YEE St oilet 5E K| RAPL A
AR AB557] HolelE 2 4 9k,

Battista«& T_K}J HAZR o] vjx|E 7PAL 0123557 wUEY AR
Het A== e
<t 44 oMIES 7”@* & °1Ur 7}7\“1 AE571 7IEstol =5

&l

olE}2 4745t ACLEEo|L} ] wo|x]

rﬁ
_E
i
ol
>
[>
E
o
2
F$
ol
o
319,
o
)
>~
o
>
[>
o

|m

mlru
o
O
o
ol
ok
-
%9,
L

o]Jof= Yang et al.& YuMi @2 =25 (ABB, Switzerland)S AHE
sty ¥4 rE M 24 H I Y AAHEZ JHEStAY [38]
Rehm et al.2 @28} ofZ7AoldE ARES A|A”lS A2 @Y
Ejder ¥, Seddik et al.2 OFFO|k HEQ}F [P ZiH2tS ARESHO] Al
28S Jidstiot [39, 40].

EIA & & 9], 9ol AlAHE old APet HlEHS
ot RUEY Aaf. ol 4 A28 N0

B ele] 2 A2 o) J15E 2U felel Hag
2 ME7l5opl, Se COVID-198h 2& A AlLjel ool

o} BlESRL  of e V5L ABYL 4 ck,

Aotel wele shojet mUE A ARDE A7 HolE RUE A2
AL GAE o dAeRA sl
ol e AAEE = bR J5e BE AEgoRs nY
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o
iTh)

ol

ol

ol
ol
2

2 0 og
rc
re,
-4

Q £2ME ABIACE E3F AN ol 27 U BHS % =718
Mstol o2 AEste] F2MQl BARe P 4 9k mWatH 2
AAEe ChE Ao 2 4 9So] stuet Ei dloe wyeout
oFES o WA & A A AL AL Bt ofz} ol 2
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AIS detstr] Heth shaxg AAleH.

Ztdizl | diolg | AAIRE EIS=
7171 Ag |2 |2y | By
o |[AxE | AAE | A2E
proposed | Maquet Servo-i
. v v v v
system ventilator
Vagvolgyi | Maquet Servo-u N Y
et al. [32] | ventilator
Ng et al.
& PB980 Ventilator - v vV vV
[33]
Szlavecz )
PB840 Ventilator - Vv vV vV
et al. [34]
John et GE Datex S/5 series
. - v - v
al. [35] monitor
Seifert et | Pulmonetic systems
. - v v v
al. [36] LTV 1200 Ventilator
Battista Fabrication Machine y Y
[37] Ventilation System
Yang et
No devices -
al. [38] v v

79 o|f ARetel vl
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2. 7tHEt RUEY AR Ao

Ztdlet RYEH AlARE Frtst] lsiA e olulA] Al2] It &
2 AHgEL ojujxl BAL S4F 4 db WAEES AEshch
Structural similarity index measure (SSIM) 1} Peak signal-to-noise
ratio (PSNR) A5 &dll B715 Aledstdot [41]. 1Y 272 SSIM A

2o @ ou]x] Ao, o] 1o YWtEa= oux|e FEo] ot

77 282 PSNR A4:0] 12 o|ojx] ofAlo|ct. PSNR H4vl 242 &

2T 1 W

Aol A ojnjA|9] FHo] Frh= A ettt [42].

| SSIM 0.7380 SSIM 0.8646

% 27 SSIM Ao ThE o]u]R] ofA]

Our generated  Ours at 10K steps Ours at 200K steps NeRF at 500K steps
neural points  (21min), PSNR 31.05 (4.5h), PSNR 36.13 (2days), PSNR 30.13

I3 28 PSNR AZ40f T2 o]O]X] ofA]
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0.8417} 0.8379] SSIM 42 Uehlo] ool gt Lol ulmsio
7F2F 0.1073 0.0959] x}o]= UpERACE A ¢AFS 0.9019] SSIM A%
2 Ueiiol 290 Fo2o] 9 YT ulwstel o 4.5%9] Y4 B
ik

o A 9ol PSNR 47} UK
2t} 23.042, 23.414dB
AFohzol ot
2F7F 15.736, 17.062dB2] PSNR 4~
|
O

1
o] gl

of

B oox
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n
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e
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oooe M
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A
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2
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S
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L
fulu
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o
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of.
o £
rlo 1S

SSIM score PSNR (dB)
Left Right Left Right
0.948 0.932 23.402 23.414

10 Fof=zol e d¢ I Ay 2t

SSIM score PSNR (dB)
Left Right Combined Left Right Combined
0.841 0.847 0.901 15.736 17.062 18.130
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aje] Follets Ax| = & 9rbxle] £ AojRe] YAE 5ihAlw
o] e APstact. w129} o] 4] Ftujele vt ALRSIAS
i 4+ SSIM A= 0.828, PSNR A4E= 16.956dB=2 7Y £2 Ayt
B molgrh 2 a0l M el e sjolRiE
SSIM A= 0.804, PSNR A= 16.202dB + HAlz £
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Position of the obstacles

Position of Right Left Middle Right Left

score Average
cameras Top Top Part Bottom Bottom

PSNR | 18.13 15.96 16.37 15.01 15.54 16.202
LB+RB

SSIM 0.90 0.84 0.77 0.76 0.75 0.804

PSNR | 12.12 16.10 14.13 15.90 14.25 14.500
RT+LB

SSIM 0.72 0.85 0.72 0.81 0.75 0.770

PSNR | 15.91 14.78 13.56 14.96 16.10 15.062
LT+RB

SSIM 0.85 0.78 0.71 0.73 0.82 0.778

PSNR | 12.00 12.66 15.81 15.35 15.55 14.274
RT+LT

SSIM 0.71 0.70 0.75 0.82 0.81 0.758

PSNR | 14.63 14.32 12.18 11.96 15.55 13.728
LT+RT+RB

SSIM 0.75 0.75 0.72 0.71 0.84 0.754

PSNR | 14.71 16.10 12.13 12.96 13.01 13.782
LB+RT+RB

SSIM 0.77 0.85 0.79 0.73 0.75 0.778

PSNR | 17.10 15.98 18.30 15.53 16.40 16.662
LB+RB+LT

SSIM 0.85 0.75 0.86 0.76 0.80 0.804

PSNR | 17.68 16.69 15.69 16.60 13.45 16.022
LB+RT+LT

SSIM 0.83 0.71 0.81 0.82 0.73 0.780

PSNR | 16.78 16.38 17.55 17.86 16.21 16.956
LT+LB+RT+RB

SSIM 0.80 0.83 0.86 0.84 0.81 0.828
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JE X = (Abstract)

The COVID-19 pandemic and discovery of new mutant strains
have a devastating impact worldwide. Patients with severe
COVID-19 require various equipment, such as ventilators,
infusion pumps, and patient monitors, and a dedicated medical
team to operate and monitor the equipment in isolated intensive
care units (ICUs). Medical staff must wear personal protective
equipment to reduce the risk of infection. This study proposes a
tele-monitoring system for isolation ICUs to assist in the
monitoring of COVID-19 patients. The tele-monitoring system
consists of three parts: medical-device panel image processing,
transmission, and tele-monitoring. This system can monitor the
ventilator screen with obstacles, receive and store data, and
provide real-time monitoring and data analysis. The proposed
tele-monitoring system is compared with previous studies, and
the image combination algorithm for reconstruction is evaluated
using structural similarity index (SSIM) and peak signal-to-noise
ratio (PSNR). The system achieves an SSIM score of 0.948 in the
left side and a PSNR of 23.414 dB in the right side with no
obstacles. It also reduces blind spots, with an SSIM score of
0.901 and a PSNR score of 18.13 dB. The proposed
tele-monitoring system is compatible with both wired and wireless
communication, making it accessible in various situations. It uses
camera and performs live data monitoring, and the two
monitoring systems complement each other. The system also
includes a comprehensive database and an analysis tool, allowing
medical staff to collect and analyze data on ventilator use,
providing them a quick, at-a-glance view of the patient's
condition. With the implementation of this system, patient
outcomes may be improved and the burden on medical
professionals may be reduced during the COVID-19 pandemic-like

situations.
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