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Snbstance mg/liter mEq/liter
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Chlorine 0.5
Chloramine 0.1
Chromium 0.014
Copper 0.1
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Potassium 8.0 0.2
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Silver 0.005
Sodium 70.0 3.0
Sulfate 100.0
Zinc 0.1
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3.7 Swal PR

dAel BEE CPUR FAloz tAg duslojys ide Fdae og
Q4 FER, A2Y R AEY, AYRE UE 5 dom, T 0ml EE

HESAR= g9 54 A] g2 dolg s #sty, xto] JefE ZUEH
atH, T Al A9 o8 dio] FA71E AAsH7] $ElA RS-4855 AM&-3k%l
th g F27]9] RS-232CE RS-4852 W F&to], FAlo &, Ao 7153k 44
2 H& WS ALg3te] Full Duplex® S Al Aot ol F217] Alo]9] do]

H % 50 AT S AES sk
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A 4 & Fluid Unit 2 A

4.1 Fluid Unit9 748

Fluid Unit< 3

& HE S AHgste] AgE B3 54 A E3Fste] FAEA Ho
o wABY FES AARY] st FANS FAVR FFEE PROEA, F
Q a4 RES 9 W], Water On/Off MH, 59 =4 A28l Adjustable
Regulator, 3|8 AW, &7] AA A=d, F4 FH A28, Equalizer Al2~H,
% o} 3}(Ultrafiltration) Al2~¥) S o2 A Hu},
Air Valve

Pressure

xing Charmoer Supply
A Pump
Water Pump Pressure
Bicarbonate B Bicarbonate B1 . Sensor
Pump Pump
Degassing
®@ ® |

.

T

Inlet Pressure
Sensor

Pre Equalizer

Heater Exchanger

Heater Chamber

Adjustable Regulator

' Drain
Inlet '
Water On/Off Valve

Rinse
Valve |

o

Ultrafilratior
Pump

Pressure
Sensor

Cpnductivity/Temperature Probe

Dialyzer

Pressure
Sensor

Blood
Leak
Detector

Negative
Pressure
Sensor

Negative
Pressure

E
Post Equalizer Pump

n

Pressure
Sensor

Ultrafitration On/Off Valve

19 4.1 Fluid Unit
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4.2 Dialysis A|lojF- ¢ A|2¥ FAHAE

npol A2 HEEHEE 80C31& AH&atl o™ 11.0592MHze] CPUE /433l
ow ol Zrad AFS 9ldiA 32Kbyte] ROMS A&l o, dlolg A
FS 98- = 32Kbyte RAMS A3ttt 80C319] EE0S dHolg ®¢ 3}
9] oj=dl WHag AbgEon, HolEH weh ojE=gx Wi FES 7Y
AaA WAE ALEEATE EE2E A9 oEds WaR AMEE9A, PLDE X
23 sk AREEA T 80C319 JAHHE 4705 Efol M1 Serial Port& o2
AbgsEl e, opd R AT E At fsiA 12bit MAX191 ADCHAHEE At
&5tttk 12bit DAC8413E AF&3ate] o T4 Pz o &5 A5

Analog
Signal #> ADC §> §> Latch §> ROM §> RAM

80C31

Valve
Motor DAC PLD
Drive

19 4.2 Dialysis HEZ A~E FARE

43 € 137]
O 432 €9 FAVIE FdHE A =29 2E¢ FH& E9 365°CY
Qo] £ oo LEE WHFOEH FAVE AYHE JFE LEF FA



4.4 Water On/Off B

Water On/Off WX = o FA4719 F7] A7 W (Air Removal Chamber)
°of #9& - T T8 §F o FAVA Holdle B d7E WA
7] fl8te] Alg T 54 =F 2R F7| & Degassing AW AA] 5 A A
=, s 719 ol wom olE <ld Degasing ¥H e o] =AY, F
Mool =917 vrolxinh, B AFeAE AW o] =AY Ft YolA=

of FA1719 459l 24V DC, 400Kpa2] &E#col= WBE &
712 F¥ = AFES AHdEAth Water On/Off 2 AFE-3F &@icol= WlH
of AL Fo] oW, Azt FAFAAGA YAl Fo = Fo] FolA Hof, F
A ghatel] FHFE A H7E o], & AFelAE A Fol A fle
WB S ARESte] AAZRe] T4 B BAEE LA FASAY] AEE

3 @ F JEF sk FA VA AFEgE 24V DC £#ol= WH ] =aolH
= MOSFETS Ahgste] MBS On/Off atgith. deof F4) A] WiHe] mgow
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FAAE 10ms vhep F

oAl HIQl Axdlor Ay SHAAE & A=H st 19 44+ Water

On/Off W B o] &3} 5 =glo]H a2k E el Aot

U U U
Al
o w 1
R o
Il
If

GND CLVP1 5——1
GND ClMP2|——
GND
GND a0
ULN20B4

MiroCarirolef

Miroconfole

Trde £Ast] FA7)e H=d ¢
Ho] WMAeA] s str] 9IS AREE T o] Al=®l Water On/Off #H,
Water AW, 44 352 AMANZ FAHY, 59 24 A]2~52 Dialysis 71
Exglol oA =AEHA i, Al=do] ZAI7F EAstetE FA 7] 7] A A

Q BEHE WS GEE o7l Slskel F oSl A G Axel olaA

»
2

AAHer sAstes AASAY. F e AW &FA A= A6 F

o
-

A IH ke g sk grom AAFoden, A% AHE HFES AJdsy
H

skl Water On/Off WHE 2= §A0]a, &3 A2 Water On/Off WHZ
o= Aot ¥ 45= 9 = AladHe] Aol FAES AHES AWE

Bl Aolam, 1Y 46 59 24 A2Y Ao] HAZEE vkl otk
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—

Water Pump

Degassing
Pump

i

Inlet Pressure
Sensor

Heater Chamber

Water On/Off Yal|
Adjustable Regulator

Drain Heater Exchanger

Inlet Water On/Off Valve

Rinse Water Level Chamber
Valve

ay

High Poin Sefsor >

“y
A

IR

4.6 Adjustable Regulator
Adjustable Regulators o FollA FAV|E FdHE ASFLE9 dHS e}

7] AN Argstaon, o FAvl Ae Y A AFoR B9 FAVE §

i

et ArEel gUe 2ARES WAL, PN Ao A E F95
= AFEd AL HHS 20psigE AAsY 19 472 27

Regulator®] <3 o]t}
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29 47 Adjustable Regulator

Adjustable Regulatorel] H-2¥ oA MA = Regulatore] $1x HE=Ho 2
A&kl o™, Adjustable Regulator®] 7, st &7 2= lemelal, RUEHT AE
=297 FAVIEZ frdste 99 49s FU1A R FAs ARSI A st
Hut =AY 2o Dialysis AEEe o A4 o8 =4 W#HS RS-2328 &
sto] dMit= FE S 586 H=5 F3to] Dialysis HEEH 2 AFees A6t

9t} Adjustable Regulatord T+% dozE 44 2092 W2le] 6V, 1.2A9 2 H|
3 EHE AREEslew, 4= ShE o wAl =4S flstel 2HE EHO s 2
= 50HZZ Alg3le] Adjustable ~HE REEZ T35tk Adjustable
Regulators 1402 3|H3x orvzg A AF F5 A o2 UCNGI04

al
g AHgstsieh

4.7 3]¥ 3w (Heater Chamber)

SlE A= 1500We] 7hEA] S|B9 2o i AHS zte A RAZ
Aol soldlow AWl 288 FEle WEAl 53 5+ 43 fuE
AREsEATh BlE7E HEEHE s LA 95t A RAZS AREEAon, Al
g3 Faglo]l Ade AGAZ = d=E AAedrt 28 482 SHY T4
©E vEhd Zelth 196.85mme] FHE# A I EHE HA
SUS316 Ad& ARgstsien, F4 9 =& 365, C2 FAA7]a, I
(Rinse) REA = 3lEHY &%E 80, C~85, C FA8t=s AAA

>
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=
=
S AFd 23 A vER T ¥ HEE AMESY], FAVE FFE)
= FE o %4 Bicarbonate A 3, Bicarbonateee B H 3, Water HX, 33 3
xZ2 FAHEY. Bicarbonate T2 Al Ao, 19 499 o] Concentrate & %3
O~

Al 2~®1& Bicarbonate A, Bicarbonate B, WaterZ 1: 1.26: 32.76%] v &2 E33

y

1 32.76

Concentrate Concentrate Water Pump
B Pump A Pump
1% 49 Bicarbonate FA1 ¢} ARE A A el Fg AlxElS] AR

(
i)
o
rot
v}

Acetate T2 AF& A] Acetate & Water 1:34¢] H| &2 &
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Concentrate
B8 Pump

Concentrate
A Pump

Water Pump

19 410 Acetate T4 Y A8 Al FAY FF AlaE AR

Ao FF WL ASE 84 4 BEE 29 4113 2ol mavg Eehel
BE Abgstel B4 A AYE wilEo] Bmel BE Aol wol 94X REF
71 94§44 ATE AgHGoM, ARFOEE S F £ AEE RE

a% 4.12¢ 365, Co AF ES
9} Bicarbonate B2 oA ¥ 3l
%= o]H, Bicarbonate AF&A19 A
o ® FEste] AREdith & A
9l o Bicarbonate A& A AE=%E+ 13.2ms, Acetate AlE Al A==+ 165ms
7} %2 A$E E3 Bicarbonate Bl, B2 3% Iy Bolx &3t}

Bicarbonate At-& Al Bl, B2 5+ 7§¢] °F =&<= AR&3stH, Bl §2 B2l ¢f&c]
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2199 Bicarbonate Bl & B2 A% 3 3 HE SAHER, Hxo
A Hh & IJAE WA 7] 98 Bl & B2 F e o EF
Hlo] glom A& xlo A AuE gl dudgES 19 4133 o

ixing Chamber
Mixing Chamber

Bicarbonate B1

Heater Exchanger

Bicarbonate B1

Pump Pump

B

Water Pump

Degassing
Pump

Inlet Pressure
Sensor

Heater Chamber

Adjustable Regu\a(Tr

' Drain
d > - ® | dssuan
nlet Water On/Off Valve J |J_J—| e
Rinse x |—
Valve
= 5L "L
a9 412 FAY FF Al2H

Dialysis
Controller

A= 53 H&e
\
= T =z
s gy e dadgFE
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gl FA7] Ajz"He] AMgHE HEE Aostr] fste] 4A1d, 12M]E
Rail-to-Rail D/A ConverterE Al-g&3on zF Ado sded 7|5 % 413
4

23, WEE Aol A% REE Y

- T
A ¥ 71 =
Ad 1 Bicarbonate HXx +%
A 2 Acetate HX TF
A4 3 Water BX %
Ad 4 Degassing BX %
%Hmmm
5
o Il W L
a8 s f Han R
ik e Sge,  vEp o
it o=
= :
5 %
Df:RiESET PB4
O——cs

FITHHTE JH

B2C55A

VCC ARROW VCC ARROW
A

a9 414 HE FE JEE

7] AA Al=wle Qg AlA, AW A, AW B, Degassing $E AlA]

A
Degassing BXZ 2 T %o Qo Degassing H2Z %S o] &3t FAdd
al
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Air Valve
Pressure
Sensor
I YN UA

Pressure
Sensor

ixing Chamber
A Mixing Chamber
B
Water Pump
Bicarbonate B1 Bicarbonate B1 .
Pump Pump
Degassing
® ® |g

Inlet Pressure

Sensor

Heater Chamber

Heater Exchanger

' Drain Adjustable Regulatolr

ﬁ —>< 3 sz e
et Water On/Off Valve .

Rinse I_

Valve

a9 415 27 AA Axde] FAE

a9 4169 =3 AW AdAM+= AT EF Bicarbonate A7 EFEW, 1¥
o}

4179 €% A BoAME &F AW Al £ N3} Bicarbonate B7} &3

9 416 &3 AW A
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17 =% ¥ B

u
o
N

E3F AW BellAl &3 FA 2 Degassing H2ZO| Fotell oA EFelol
HoAds 2719 37 Degassing AW (18 418)2 U= ™, Degassing 34

A= A £ F715 AAA Y. Degassing W= F 719 Ad &
AAZE 243, atgh ghow AAgs o] vk & 97t A gt ek ghe

Apelell Qom, B4 w=E EAe ok HeldA @ Ao

O~
ES
7b gropxl Zow k8, Degassing FH O] §1Fo] 913 MBS dolA

Degassing MWWl 5715 AAsta, EqAe] w971 e, akat el Aol

19 4.18 Degassing HH|
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a9 4192 7] AA Alz="e] AA darg]Folt)

Dialysis
Controller

4.10 Equalizer A 2=

Flow Equalizer Al2=®2 ©Bl9d8eo] F+xE 7}7 Equalizer®} &% 7] &2
dl 7he] b M=z 455, Equalizere] ol Ao a77k Axd 2709
AWz =of vt ZF AW = 100cce] F3E 7HAH, AW tFo = 22 Fo] A
22 oy 7} ded, o]AL Equalizer ¢t A+ A& 2 1157} Equalizer ¢F&

ol ¢4 WHE 9 Equalizer A% € TG MERoR A% §

[ e

HEE 7] Ysto|t}. Equalizer WH 9 On/Offi= T4 ZZ7]e] WH =glo]
3|z A A|o]¥ ™, Pre-Equalizer®t Post-Equalizerdl AMg&% 871 Wr FV|&=
Valvel®} Valved, Valveb$} Valve82 At o] F7]d] On/OffE 3laL, Valve29t
Valve3, Valve63} Valve7& 34 #Zo] F7]o On/OffE 3t} Pre-Equalizer2}
Post-Equalizer®] =, Sl AAd g AAM= FHH9 dHE A

JE=A RYE S, Pre-Equalizeret

Bl

Equalizer Al22®lo] Snlz  F#s)

al
Post-Equalizer A2 +#& SAs FA7E A5 Fyrt dAst=4 =Y



Blg 3l 18 4.20& Flow Equalizere]l AHgE 53 £& Yebd Aoth

29 420 Flow Equalizerel| Al8¥ 3 &

Pre Equalizer$} Post Equalizerd A, 3}oll X3 2-Way £#lmol= wWlH|
On/Off A7+e FF HAIZA FFHE F=d gajr] AA AT Equalizerd

AEE 19 4216 YJERATH

Valve 4
Valve 3 Valve 8

Valve 7

Post
Equalizer

Valve 5

Valve 1 Valve 6

Valve 2

Supply Pump

13 421 Equalizer Al 2=¥9] A%
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bR FRelAe] ol WAl @ & otk x olw e 479

Tl b Aol® WAA/M, B AFlAE % B3 o] H) 500mmHg)
OmmHg® #g o 20
S00mmHg7hA] &9 & & gor, &gt wek FA fAe] £R AALS W

sk TH2].

Pressure
Pressure

Valve 4
Valve 3 Valve 8

Valve 7

Post
Equalizer

Valve 5

Valve 1 Valve 6

Valve 2

Pressure
Inlet Pressure
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Al 5 & Blood Unit A A

5.1 Blood Unite 7l &

a8 518 dd BEA Al ~®Ho A Blood Unitd T4 % ©]t}. Blood Unite &

of YEg Agetel B FHomnE FAYZ ANS FAAY F B}
PR AAT F B Auow e tha fYAE PRelth Fa B4
Bpe do x sy, Fu/40 29(Line) FWE(Clamp) A2, B9 e

(Guard) A&, E9/49 w59 24 A2, s9/49 b8 =4, a9/

o v = & o = pS
N 371 AE A=d, 8 55 A Al="or FAEH
Saline
Heparin
Arterial Line Clamp Pump Blood Pump
Patient Venous Valve Level Adjustment  Arterial Valve
— Control
R o v e >
Chamber
Arterial
Pressure

Arterial Chamber

Air
Detector
Sensor

Dialyzer

Venous Line Clamp

2% 5.1 Blood Unit

5.2 Blood Unit9 Al&H FAE
Blood Unit2 mlo|Z 2 AEEZ7 (0C31E At&399 o™ 28 5.2 Blood Unito

Azde] THEE e Aol
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ADC ’f> f> Latch |:‘> ROM f> RAM

80C31

Valve
Motor DAC PLD
Drive

% 52 Blood Unit9] Al=¥ FAE

Z2(Roller)”} 5 70¢l Peristalic HZE AF&3}
Ay A HEFse AL o, Hxro {32

=
Oml/min~ &t 500ml/min®. = A% F 9o, A&7 HA ==
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2 AT £ Jd== AAsA

a9 53 @ PHx 2 A-8-% Persitalic E X

54 Fu/AW el FHZ A=w
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Astatk 19 569 HAEE AA 3
o] WA sk=dl ol& Ay sl FrIE AHE] o AEHY AAI=E

A3k,




Mo m o

= oA i
=& A B
US|

o o x4
[CUN!

N g
H X
) - —_

G

il 7!
) o o

g N K o 0
m, ﬁﬁ & o Wm 0
B o= Ny o
soitdol | T 70 o
Getess = T 8 = wp
- 9298y i =
§=|° o CUNNTS = ~
3 eraverdf? _ﬂn He TN e
; .o H R Mo g
7 g — o = . ﬂm
| 3 =
d B Rt Mo Ly
5 S ~ o =n I
AH_m ﬂ Oﬁ nmu e (% Wmmma
. . < o o o I - AR
i K S PN o
b b A " IR
il il T Ly
g o N <
i i oo o )
Lo
Voo o B o
) © ™" Moo Gt
m X M o
X OE N =
o om0
o) ™ o 03
>~ o = Moo
! B o
TH C
) )
L L
NIONNCER S

_33_



a9 59 B9 7= AA e 9@

56 $4/39 59 24 A2d

a9 5109 s9/A9 A 9 2d Al2"E S A4S Rolye

o i

Aok g AN Ue] g8 F4 z/d AASAY F4 25 B9 §



2 3717 @A) Awoz fEe AL 9] YaiM AlgH A E FAL
712 AW e g F7E AATI oY, & AFolAE Peristalic FXZE 7]
oz F7] § 715 AFste] A Hls &894 AW e 37E 44 =

dste s AAS A

;1% 5.10 %uﬂ/;@ et

bl o 1

a2

v

fo
BN

X
>
[»
e}

B/

o,

oA 9 2" AlaFle xR A4 10 2709 EHE A
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A
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o
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—
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oft
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7F BT A AREAOA BaE dE FAVIE AHEEA EeRE

of 7ls AALE AATH. FAE 5] Aol FA e a3k AZs= Blood
Tubing Linedl =#WE3 F7]E AASH7] 98t F47 Salineoz Zelol S
AAEY, HA A=k Zeho] W (Priming)e] =5 €49, Blood Pumps A3}
FA Ao FueA A FEste] FAVIE FHAIA A o & 9]
HES At Ao w A FYPAZIth FAS ke w9 g g
apel FEiet F71e frgdo® we WstE LSy, FAF A w93

Auel gele BUHY sl AgAdA FYES sk 55 B9 e

rr

rlo

_41_



il
i

j—

TN e
fed &/

Aol A=

ML T

2]&

w el

)

77t B4

A TH 3.

5

_42_



9

EUEY Unite &

A6 %

ol
ol

=13

o]/l &

6.1 ZYE P Unite 7He

6.1 ZYET AR A" 74

RUEE Unitol] wlolaz AEZe 80C31S A

Ao 3e] 4ot

Serial
Port

<

Extend
UART

2 Y ¥ g (Monitoring) Unit A A

T FAde 2o ArrE SAstel 249 &
AREARAAl g el fAbe] AWE HEshe
ARk, 28 A5 ol Afsy] AFd 34 2=
&+ Aol A E ARRe £RE SAs] 9
=
gstalon], I8 62+ REUH

v
v

80C31

)
)

Latch

ROM

RAM

)

PLD

2% 6.2 EYUHF AojH AjxE AR

_43_



FA=

]

62 ZUHAY AEE 4 BEY A 2F
AEE 54 BEo AMEE vlola® FAEEY = 8HE 80C31S AH&3tlow
aY 63% ¥ 64 ArE 4 BEO AxE FAEe S4 JREE UE
<):| Analog
Multiplexier

et
Serial <)::> <):| A/D
Converter
80C31

Port

NI\




63 RUHY AEZHG AEE BE AHHo|~ THE
Y 65% RUHY AESYY ARE 23 BE dgdels FHEE e
WoRAeR RUHY AEZE e SA HE At dHelH &, 412 RS-232CE
ARSI T 2 AFdAE BEUHY HEZ27F 300mstith AEE 74 HEo|
deolgE a73tder, RUHY AEEZY= 49 e FAlstd, 449 w3
et e 2 stk 24 BEo] tid dolg &F ZREZS F 2ulo]E(ZA
A, de 2E)R FAE don 4 HERRE 34 doly A TREZF
3ol E(AlE Zx, =4 do|f, dr I)Z FAHETY. ¥ 612 ZUHY A
EEdet Al 54 BE Alo]f] HolE &, 4 TREZS Yehd ZoltH4]
Conductivity1 '
Temperature '
Conductivity2
%gz%‘ Te(:)rrr:pe(r:alt\ﬂréZ '
Conductivity3 '
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e =3 I Conductivity4 '
He Temperature4
O 65 EUHY AESYe dx® F4 HE QAo A
%61 RUHYE AEZHS dAxx 54 HES ZTRES
S e AEE 24 ve
A2 FZE de F= QA = tl o] H de F=
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F 81 Al WAe JIHHE

Algd X Start Address IRQ

Comport 1 3E8h 1IRQ 4
Comport 2 2F8h IRQ 3
Comport 3 3e8h IRQ 5
Comport 4 2e8h IRQ 12
Comport 5 338h IRQ 10
Comport 7 348h IRQ 2

oSS, Ak, 2k xo3E, AAE FE w9, A v e FES

ol wel FA7IE 27 MRS sfokHm, A"
L, dfukdel ) ARg AT WhEA] FA 2] Y sfopdttt. AR 4 AIZH7EA]
AA F-9= 4000ce7bAl AR 4 dom, a2 10cc7HA A
HAFHS xZelol(Priming) EEE AQstiE FA = Huy

500ml/minell A 7hske] ARgE = gtk T4 fate] NIBP dlolH = F57], o

_52_



A9 F EdY F47]9 MEYA

0.1 B F47]9 HEHAY AL

e
A
- u RS-485 ) =
RS-232C [0] [o00000] [oo] e

HemoDialysis RS-485 Module
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27 91 "ol 4] WEND FAE

Al Aol deol F247)7k0] dHolE A o]F W] HolE % Falo] sbediH,
& A Ak B FATIEE] AR ) TAsE volH A% R/E A
o

o o} FA/E FYeIA FAFI] Askel AHgstch

9.2 RS-485 Wig7]9 A" #A=

Oy 92% RS-4859 Alz~®l A4 EE UERd Zlolth RS-485 ®g REe
80C31 mlolzzm 9 F 7Iuke] wl B e Algdy RS-232CE RS-485=
Weksle]l Ho 25670704 AT 4 ol RS-485 “EfolB R E A E T 80C31

lolaz AEZH= & /e Mg RxES WAEstal o], e FA4719 T
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Aep Mgkzle] wolHE &, FAlstH, e5-o 243 UART= wstrler g &
A71zkel by &, Fals st ARgstAT. T Al Aok deo) £

o] HlolE H¥F £x+ 19200bpsE AF-8-sh A TH6].

b

§> Latch §> ROM §> RAM
Parrell To RS-485
Serial RS-485 Driver
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ojm, FA171e] ALgE 14 FE=3= EOh-EFhe] 16058 AM83lAaL, & 92+ %
7t A= A= FEs= FFhE A&t
E 91 FA7] Q1Y m=
FA7) 94 A= A7 HE
1L 11 Jo [ x [ x[XxX]X
® 92 F47] dE A=
1 1|1 1] 1] 1|1]1
TG A#A AACAA st e FA7] Al2Fe] doly 2YIE F
2bytes® o] glom, 3 WA nolEx dHolHE adste Y F47] Alad
o sjgHEola, F WA HolEx dEaER Hol i ZREF # 93+
Kiass
% 93 HlolH 84 TREZ

g9 =47 WE [doly 9t St | 99 F47] WE [delg at =e
EOh FFh FOh FFh
Elh FFh F1h FFh
EZ2h FFh F2h FFh
E3h FFh F3h FFh
E4h FFh F4h FFh
E5h FFh F5h FFh
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EEIEEE dolg A= | 29 $47]
tely 3= | HolE

HS HE gE =

EOh AOh XXh FEh FFh
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E6h A6h XXh FEh FFh
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ESh ASh XXh FEh FFh

EAh AAh XXh FEh FFh

EBh ABh XXh FEh FFh

ECh ACh XXh FEh FFh

EDh ADh XXh FEh FFh

EEh AEh XXh FEh FFh

EFh ATh XXh FEh FFh

9 94+ RS-485 W79 Alxd" dugFog WEy|e] nolaw FEE
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A 10 & 3 FH = (Heparin Pump)
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A 11 % NIBP Module

NIBP Module:= A1 A x}ol| A 7§23k NIBP ModuleS AFE3F$ o™, 2400bps

o] RS-232 WAS Abgste] duts e 586H.=9 F41& 3o, dHolH
A ZREZL d9F 3 dolg I 108 E (Start¥]E, dlo]E H|E, Stop HE)
& 7lEom ARESEaL, EF BES A 3403744 St HelHE A & T
Atk ot dolE e F 24nto]E F 3 WAl 1Byted] A9 UES d¢ m= b
olH ™, &9 Y& W ©ele dot dolgola, F WA IByted &9 UE2
A kel dst dlelgH, she] UyELS o @99 dlojg et} w9 1Byte: End
FEE sdon, gt HolErt ofd A& A

WA 1Byte] 91 UE2 Z= dolHaL, 3o YES o gle HolH, & ¥
A 1Byte: 1635 % FFhe| End Z=2 At Wzgd AZd zhe] 9
S WA Z=E deoldE Bl § Fof dojE ¥MIEE AFsH, 5 volH,
olghet dlolH, H et dlold, A% dolH e 4 deolyrt AEwm, npAut b
olEl&= 16342 FFh7t d4¥th NIBPe 4E dole i 7FdAlE 05%vit

Deflated wj+= 1.2zvic}, 7Fsto] &4 dF€nh 3% 1117 11.2% NIBP 99

¥ 111 NIBP 18 dloly Z2EF

NIBP ¢ dHolg Z& EZF
1Byte |2Byte

Start(Adult Normal) #EOh
StartNeonate Normal) #DOh
Start(Adult Fast) #A0h
Start(Neonate Fast) #70h

Stop #COh

Memory (Count) #9xxxh
Memory #80h
Manometer #BOh
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3 112 NIBP =9 dHely Z2&Z

NIBP &8 doly 22 B

Normal #FEh
Pressure Data #Exxxh
Over Pressure #FDh
End #FBh
Error #F9h
Low Battery #F8h
Manometer #F7h
Systolic #Dxxxh
Diastolic #Cxxxh
Mean #Bxxxh
Pulse #Axxxh
Pulse Error #FAh
Systolic #9xxxh
Diastolic #8xxxh
Mean #7xxxh
Pulse #3xxxh
Pulse Error #FCh
All&Memory Display #oxxxh
0OEnd Code 564FFh
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122 23 1%

F 121 2 AAe 2F 23 ol dHely

24 2] (ml/h) o] & 4]
1 2 3 4 5 6 10 | UF Removed
1000cc/4h| 248 | 255 | 244 | 243 | 246 | 245 | 248 | 247 | 246 | 243 250ml/h
2000cc/4h | 479 | 492 | 487 | 479 | 490 | 482 | 486 | 492 | 479 | 483 500ml/h
3000cc/4h | 742 | 748 | 735 | 743 | 748 | 740 | 742 | 742 | 738 | 744 750ml/h
4000cc/4h| 994 | 996 | 988 | 978 | 987 | 968 | 976 | 978 | 987 | 984 1000ml/h

N
oo
©

4h 13.2(13.2113.2|13.2|13.2|13.3|13.2|13.2|13.3|13.2 132
4h 13.2(13.1]13.2|13.2|13.2|13.0|13.1|{13.2|13.2|13.2 13.2
4h 13.2]113.2|13.2]13.2|13.3|13.2|13.2|13.2(13.2|13.2 132
4h 13.2113.2|13.013.2|13.2|13.2|13.2]13.2(13.1|13.2 132

=4AC) ol &4
112131451617 [8]9]10]=>%(C)
4h 36.5]36.5(36.4|36.5|36.5|36.7[36.5|36.5|36.4|36.5 36.5
4h 36.5]36.4(36.5|36.6|36.5|36.3[36.5|36.5|36.7|36.5 36.5
4h 36.9]36.5(36.5[36.5(36.5|36.5|36.5|36.5|36.5|36.6 36.5
4h 36.5]36.3(36.4(36.5(36.5|36.5|36.5|36.8|36.0|36.5 36.5
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a9 123 = A A9

a9 1212 44175 1000ce, 2000ce, 3000cc, 4000cce] & AAES AT
Ads gz bl Ao ® 1000ccol A= G2 AAEo] 98.6%, 2000ccol A
© 96.9%, 3000ccell A= 98.9%, 4000ccell A= 98.3%<] ZH¥}7F vttt 1000cc,
2000cc, 4000ccollM = E2 G AAES B3, 2000ccollM e Hu Ye 7
AAEE B, %2 72 AAee] FUU2 2ol3p Hzof Fdo] #2
2 wsirh BAste] 2 o3 fHxrh AAE HER IHS A FokM i &
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Abstract

The Development of Hemodialysis System Based on
Embedded System

Ji Jung Ho
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

The Hemodialysis system is the device for the patients who have suffered
from end stage renal failure as the kidney which removes the waste products
in a human body. The existing hemodialysis is based on a 8bit microcontroller
and it i1s not a touch-screen type but a manual type. So it is difficult to
control the system and inconvenient to monitor a patient. This paper is
focused on hemodialysis system which is based on high control and expansion
emedded system. The whole system consists of main control unit and sub
control unit(dialysis control unit, blood control unit, monitoring control unit,
network unit). The dialysis control unit, blood control unit, monitoring control
unit are each processed by 3 microcontrollers and network unit is used for
monitoring a renal failure patient’s condition at the central nurse station.
Dialysis control unit manages fluid unit, water on/off value, water level control
system, concentrate supply system, equalizer system, ultrafiltration system
blood control unit manages blood pump, arterial and venous line clamp, arterial
and venous chamber level control, arterial and venous pressures, the air
detector in arterial and venous, blood leak detector. Monitoring control unit

manages conductivity and temperature of hemodialysis liquid. For the evalution
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of the performance of the proposed system the saline is pured into blood unit,
then water removal rate, conductivity and temperature of hemodialysis liquid
are checked 10 times using the UF pump in the fluid unit by varing the
quantity of saline to 1000cc, 2000cc, 3000cc and 4000cc. The accuracy of each
result of water removal rate, conductivity and temperature of hemodialysis
liquid showed 98.1%96, 99.6%, and 99.7%. The main reason on the error of water
removal rate 1is supposed that the pressure changing at the rear of
hemodialysis caused by unsettled rotate velocity of blood pump. If 0.lcc pump
is used, the result will be more accurate. The main cause on the error of
conductivity and temperature are considered that the error happened in the
process of removing the air of dialysis solution and in no accuracy of the clear
water capacity. From the performance test, we could confirm the accuracy and
electric-mechanic safety of the designed system. also further study should be

performed to find the problems in clinical applications.

Key words : Embedded system, Ultrafiltration, UF Pump, Hemodialysis
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