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Abstract

The basic function of hemodialysis instrument (manual renal) is to replace the
human being’s kidney. This instrument can clean out the metabolized waste of the body
and reduce most of poisonous substances in blood; hemodialysis and ultrafiltration are
the usual methods to complete these functions. When solute passes through half film
from the denser solution to the thinner one, this process is calied dialysis. Ultrafiltration
is the movement of the liquid passing through the half film when the liquid is affected
by the pressure grads, which can be described precisely as the molecule moves from the
blood to the dialytic sciution. With dialysis to clean out the metabolized waste, the
nephritic patients can keep a balance of electrolyte, acid and alkali in body; with
ultrafiltration the patients can clean out resorted molecule in body. These are the basic
theories of hemodialysis .

At present, most of hemodialysis instruments are imported from foreign countries
and the prices are very high. On the other hand, the number of renal failure patients is
increasing sharply. Therefore, the main purpose of this project is fo make a research and
design a new-style hemodialysis instrument so as to meet the massive demand of this
equipment in our country.

The paper systematically introduces the basic theory of hemodialysis firstly, and the
using procedure of the equipment secondly. The functions of hemodialysis instrument
include the blood circuit, the dialysate circuit, the pressure detection, the air bubble
detection and temperature detection. The second part introduces the hardware design of
the whole instrument in the first period, which is based on the ISA interface. In this
period the equipment precedes its operation and safe detection mainly by the ISA
interface card. Also the patients’ data, the setting of the blood flux and the display and
backup of data are all executed on the computer. The emphasis of this article is the
design in the second period, which is based on the PIC microchip interface, because at
present embedded structure is adopted by most of medical instruments so that it can run
separately without computer. In this part the article specifically introduces the interface
circuit of PIC16F877 single-chip, which includes the acquisition of A/D signals and the
serial communication between the single-chip and computer, the design of Complex

Programmable Logic Device (CPLD) and the using of Hardware Describe Language
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(VHDL) to control the rotate speed of 4-route stepping motors. Finally it describes the
design of hemodialysis management software, and especially the methods to display the
historical curves and real-time curves in the data acquisition.

The author has already realized the design of hardware and software of the whole
hemodialysis instrument. Furthermore, the equipment can work stably and safely. The
tests of this system show that datum and results to measure are almost identical with the

object of research.

Keywords: hemodialysis instrument, control system, PIC microchip, Programmable

Logic Device, Hardware Describe Language
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—REEH, WLREER. ERFIHRAFER, EISEERNEAH, B
B RAT T MR RR Y BT, EARRMEERN TR
WEPL B, T AR AR WL RS, ETUEZ0R BT
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B BRASWRM B . R FTRPXF 5 iLaeE B4 B ERE UK
E, FNELREESG, BARFEk— SRR anssraRs, waEdENTAY
FR AR & R AT i HE 44 4R,

ERTEST X0 h I RGENT R ERER, ENRERMATE, B mRRET
ABEAER, EWLBETIR, EKEA, APAHTEE I B E R T R AL
HEH =T

1.1.1 M ¥ ZEH(HD)
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Fig 2.1 Solute over film shift in hemodialysis
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2EMEEOE BHRTPHREFLETRUTKRR, $EFTAT R
fro RATHEN: O BBLBSEMETERAN, HKidE., $R, RBERR
MEFRGD, FHEALBEEML; @ dFENETBERESEROER,
REBEL TR, SEEHLESRMMEREBEERERT; @ BEI-CUMHDE
BRI T RIER: @ DERE I TRRRNERT; @ BHBNRE
HEMESE.

Wivaiiik: @ ERAEETHRARRKE. NORETS, RAKEESERS,
FREYT 2~4h, BHERBIENIR, BOBRE: @ RAGIIBEIERE
7L, ESLAENTHE RN SURAT T, @ XA HF. HDF 5 BD EANIEH,
BN BT BRI 5 T

JLRRE TERATMED WA, SHENL, KRB TFERLETEE,
TR MBI LA B WP B BT HHREEEREFWHNOBEL. HBiRE
HAHO MREBEIRTRORE, RORZH, B8, HEETE: @ Kl
MK FEIRMLE, STRERMAEMIERE CNMEGBENFIER: @ M
IR B E, NE T RKERIIIKEY.
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ER KW R 4 MBGENTIIThAE

4 I AEATCEOTHEE

HATiE LA & A& R BB, BRTRETHIA, EEAII8 6
RFEL. EEE, MREFRETLES, BNARTETHSMBERRER
Ko MBI EEDREE T EBNTRT RERINF T, Bk, F1E
FOORAE RHBBE, BRERE, NREWHRBERLZH, NERBER
BRBRAEAR. B2 EEILOEHS) R BIRSE, FIEETRT, Dl
ERAE. B8, SRESFREN, WRETERENEREY:, mEk—2HR
HEY, BB TEARRZER. FHACEHIERIOER, EERS
HER—YIEE . FLlERARATRLMENSE, AHiSRtshHgs, =
LS A ok B I A 19 0 A 1 4

T (RIF. R R RS ET I RERE MBI, EHITE—
RIMIBCENTEIT 200, FSL S E N B R MR AT TR, A T LT
BTN MBENT X EERESE:

© EEIfE: MM BV RORFFUL BT TE U, dialyzer).

@ =EYhE: BWREWBINATILR, UEPRARL,

@ HEHinthne k.

4.1 BAETHEE

FMBEN SRR E N B REHE L MBEN (AR, ERR
KAMFAERWE 41 Fir R LEHETER MR A. FTENENETREHT
.

41,1 mF

EREM M A AR E S EHKLBGEE MR L2 s SR L34
THANGMNE L4 W, RIEFFAMMIES L-5, 2B HIRM LM HaHEN 5 2
L-18 5B 5 ALK &5 6 R (5] B 2 Bk, 3R [0 A PR AU In#Aas L-17 KR35 bl i 3 )
W LR A 119 #AT SRR .

Lo MR L-2:  HEBNILW R ST F) LA T i S i vy T 03T . — B0 &,
MBERFEEHKE. ¥R 5MELRER K 3.2-33mm, MEKE, 2ERER
iR, BUERE(silicon) IO BE MBS, R, ERUFLIBENH . WRAR,
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ERRFLFEAIRC 4 MBEFTAITHEE

SRS LR MERE, REKXK. BERBENBEAE, KABRELHRIE.
MBRZAARE, BEBATS, EHERAC. 0RROREEHEEY
0~100ml/min.

B & AR

G BH Y |aom, ) ma :> o
- |

EEmE e E;’; (77 | mow

1

BT
4.1 EFEHTOGREEE

Fig 4.1 Hemodialysis instrument flow chart

m #

2. BP#FE L-3: FHWEEEAT R B MBEE . B a4E e &2 AW 31.3%
G &) MRBBFEIE R, HEAWIE LR LR LRGSR
tERS B8R, FFREULBRMIUREA U RERF#E, NOmEERBAITF e THRK
TR, BIEERMEEKBBEVRENSEN, RIEEAE, BAERE MM,
FHEZTEmBENSda. AL B ZEH# K5 T E (low molecule
heparin--LMH)EUX, ‘B K 4F B 5000 E/RLLT . 754 B & T BT,
HENTICRFERNEFREAR, CUERMEMMBEFE. BT HEI LRSS
FREEAY, BRETHIN MESsIBENBRRNRENYELGR. AEw, &
FRESE R D, BERREARR, —BEMFH 20CC E8AE, KT R
ZERMREMEEHTE, HAERN 0.1~10mlh.

3. GEhAE: B LE I B P B SR PR B KR (A I, LR AE AR ER
SERFIE TR R E T Bk J028 34T M Ak 3 .

4. BIkTEE: RAUBEHTELR., BEREHNEN. JOEREANEN, 3K
WEMEHLSTE, LENERERNLBREEN, SIBEEL2 B

5. ERRATEE. ROVEROEEITE A RS, LBk E R, =R
K MRl A KB T, BB ER S TR, WREEA S H R E R,
ERERBK LR EI B M A A, B SRS BT, RHUERES.



ERRFWM ML 4 MHBERTXHITEE

4. 1. 2 EATAE R

M3 43 8588 L-5 7P 4 BRI T B0 34 22250 8 1 A 1 88 L-6 #0 B 7508 5 15 4T 40
Mo, SREFEM L-7 EXCKME R L-8 FOHS) Pt A S i3 L9, Mt
L-10, SEERRYEIELES S WTERH RN LK RFIETSE L1, &
o it 3 AR T RS A AR B B BT, THEATH L-15 FEBAT R L-14 (I
BT BT RS LA 4 AME B T [ LS 2T a8 32 K PH EAARUR
BEERE, BEHEMAEEYAER DN L-12 P90 T REERE, THN
MIETEIRIKTE L-16 WHES) T 5 BB PR AR SEA NG, HPpEkimig
R E5REFNREANT 0~100ml/min, FA7HEKIFLE— K S+ T 300-1000 ml/min.

1. & L17: EBEAAIIE 36-40° C. LU A W MLIREESMER
WS, MDA EEE SR,

2. BEES 2hNEEHEBERYNZES. FARBREEE RSP
ReslRME TSR E. BEERE. WRSNERs . AYWSBRERNETES
BHEY. BEIEE AR SRR A

3. #itE: FIHLE K (Trans-membranous pressure, TMP X #RZ A
EH) BEHEHEAREEAREEE, ZBAKONER. BiEEHRENE
BERNBIEE SRS ENBNREER, BhREHTENEE, MGEN
B R -

4.2 BETHE

4. 2.1 [EHIERN

AR EE R TR ERRETEPHEEE, KT E5skEEnED
. BEREEBEIHRMESHEE, IRENNERTREREESRU L. §
n, MEERNEEET, FASHERAER, HASARRIMME. M
FOENT R AL 7 AAREEARR S, 2504 P1LP2P3,P4P5P6.PT. Hepd#h
¥Rk P1,P2,P3 Ji[H 0~400mmHg; I3 5B H KL P4 JEIH 0~500mmHg; T3
J& P5 3 0~500mmHg; WP )5 &S P6 JEMH 0~500mmHg; BHTERIE S P77
M 0~500mmHg. FMUEMKEAFEEEREREL, —SRMEREIHNE
IR, 85 EE4EHE eRE.

4.2 2S5l
AW L-19 RUGES S EIE, R T ik R B i kg B
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ERKZEH L ER 4 MBLERT (AT e

R, EAMBHEOSGRE LR, TR b, BORTR R LR
Bl AR, BERETEEURENER, NELEREE, XL
F#MBAEREG T, FIOEREFERBEREN TR, dThRAET
T, BHESBEEEEH ERRASE: REEOEE LM TH, BRET
RN, Wik FRETRAES, BAM/NEHRE. BoaT
KRBT, BRE AR REOH A . M 8 AT (307 a0 [P A A T —
BRI, — BRI I P SR D BRI RKK 20, VI H
HIRS, R IR S AT BTN -

4.2.3 REHER

SR W FR B TR, B4 1E 36-40° C 2 [ LB KB MEG o i
BT 45 CULE, RSP EWnNg, HHAWER. WEET 35 C BT,
BT &, BIAUE LR, WEEHTAT IR . ARSI AR
T, KR TAMIR B ORI, PRI, GRS o K
B RAEHE.

4.2 4 WM

BMEE L-6, L-12 £ HASMERRENTHE P WL 8. EFLTHERT D,
HAWRBEEIA 025035 TP E. — iR m o & & b % R BT
(Photo-optical type), MR BHBAMIEE. BHIIRBESIR, MHEEHNE,
ARtk BIEHE .

4.2.5 SEENN

SHHFNNZNEEIE P E TS BIERN 13.0-15.0 ms/em. 4% Tk
Etaz—. UBEREENHKN LY. £FRERTE 13.8-14.0 ms/em 2.
M. WRER LHA THETEMBT, SERBLERE, BRASRE, HEBEHIEK
PEWRERE, BNBR TR, FRARPER. SHEERS, BBEFTRPHKRER
B, WASEENLETOEAS. BH%. HRFBERE, WHAESRE
PULEETT S0, ek, HE. KOE, TRERER. AHEZERXLESEER
E#E, MEAHNRRE FHRERETEET .

4.2.6 emER

2 grE TR A MW, T AT B AT IR AR 2K, iR Bk BRI,
B RHERENT. EEN, WENBFBEEFERE, EREE, FEIA AR
B ik, EeERakEmg.
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BERAFHLEMIBX 4 AR RET) A

4.2 78ERKR

HBERAE RGO, BT TRERE, BRRBRERR. I
Ak E R eI,

43S

BB MBEENTBEE NNEHE RSB IERRY —, 28
B IR B L FE(USRDS) I 45t B, 1993~1995 R 4E A 28K H1'\F I ¥ 75 (ESRD) B
BT RAR RS 155%, FERNEERNEENEERENTIERRE
By 47%~ 3% ML B R 4 o 3 B e i o A,

MR HENEACTHENRREERE, BN R SR, BBV
ETHBEMER, TRERM. FENICENTME R B M E R SR
FAE L, HAESTHETEEMTEIMEEZBIN RS, BN RESEERNHE
HIFBAT. AR 44

1. #uHE: MARLUKE, SREL K. —BFUNHE 90-95 LA L, g
RAM—A DA RERAAR. —HOERMEOAHEETUS R TILE. O
AR, BDHERRPLAE M R MIMAER: @ It @ HE BIVLESse s indy
HBEBEAFTREF.

2. WEWE: FHSEARD—IKE 0.1-0.15% I AR 12 DB, 4%ER S
24 /pRF, BE 01%BEK 10-20 B LR . HMEEEE, WBEHE, #044E
WEREEBARRANKL, UHELE. BUUNERSHEE, LB 0.1-0.15%E B B sk
0.01%FEKEE 20 58, MUAPPSEITT. EEKA A0 LSRR &1,
LA S 7 A B ()

3. BREAENDEE: RSN, SRk RRS R, AEAKEmEE
WERBEHIE. KEMEMEEZE MY E(biofilm). IMILEMERSE A LT
WHAT, FESTHRMPAE, K, BidEs, BUFEREHADERER
F, BEtAESFE TR — R eSS R4 2B (polysaccharide)sk
A, 5 MBS kSRS, W0 Gambro X Baxter. TIBERESLES, W
BRI RS, U0 Hospal, Cobe Centry 3, Fresenius 4008, Althin
1000, A Toray.

4. BHTSIRIEE: FAWER 0.5%E A/KBEBHUNE, THERE R
BzA, BEETS, Ui OREEE, SETFRFAEEMER. EaKHEE
diE, FHH--REEERET .
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T B AL TS0 5 5 T ISA SO

5 ET ISA OB

FE R IRIEBN B, A A BEAT A R R SE L T e, AR T T
ISA # OB A RT 1SA BN I i Ge s 44 T8 3, TF R AR 8 B,
MA—BEESREREH AL ISA 0, FHAK PCI BN-EEFETRE,
R TF R MIHILART B R AEE AT TR 7 . TSA &R 2 i PC/XT B BGE 55 B 1k,
‘EREAE 8 LM 16 1 B,

ARG TEA TR ISA DR, 482 8 MBIEEH O£, —H 2Rk
5 gL SR —REATREENESN AN £, RANERaELisEaT
WIEHT 1/0, THA I XPER-EHITHY .

BAEH RSN R RIEF B,

5.1 FiH B EHEHF

LIS G- R B A 25 e LK S SRR BB or SR B R rR A LS, TSk s
MR MERERTNE . EBEHER d SN 4 A %155 k%t 8253 #4778
Belk, BRI XML e MEN . RS8Rt el REs
K3t 8255 1/0 #4T B ¥ AE SRR R B /B 1 R ML IE S/ R . B
BN EEERWE 5. 2 FiR:

D:) 8253A B4 3 Bk i

WHEN — FiEdE == 82538 W —=x 3 Bkshign

|__‘—:> 8255 [m— WiHLRAE
IF¥5/ e 5%

W 5.2 Fa v ps SR TR AL

Fig 5.2 Control circuit princinle

5.1.1 8253 §tRiz
8253 1=~ - S B8 1E ToAE AL A 4 B AT RN LA L e . BN R R B
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HERKEM LMY 5 ET ISA B:OMEERT

BIMBEARHFITN, - IETR, RESATEVIE. 75 Thd
B, FEELTEYME, REBRIGHESEOMHE, bEEEE-1ELm
TR, REBUTEEGRIE. AEEIRREHE THA 8253 5, TERERH
FHREATAETNA 3, MHERLER™, &N EEOVAERREFESE. T
RIRAER B NE 5.1 Fios:
KS18253BHAUHE
Table 5.1 8253 chip setting

2 FR i 1 H it B Ft M

THEER off 2E4H 36H ek
2 irEae s 2ESH 76H mEHE
50 ¥ os 2E6H B6H ENE
31 BN 2ETH
A

8 ot 2E8H 36H BRI R
20 ¥ s 2E9H 76H HER
5 TS 21 2EAH B6H
3| FHIO 2EBH
B

5.1.2 8255 BUsRIE

R 528255 B HE
Table 5.2 8255 chip setting
Ea Hoht EHRFE
A I 2E0H
B I3 2E1H
cn 2E2H
o 2E3H 80H

8255 A [ 4RFE =85 O34T /0O A, B, C =R OH4 8 £ 0 /0 &,
PAT~PAQ, PBT~PB0 K PC7~PC0. H{#F 8253 88—, 7E{HMH 8255 M EL
BA—MHREEE, TRUEE AL B, C ENROX B TEFR. EFEHE
T BRI 5 AL EE) /B R IER /R, FETMERA TR 0 BEEEA
MBS R, 4 170 O iRk E R A il . 24 Pa0 BIkEEH—
A RYLIE R4 O A PR b B I 4%, 1 r Pl i S BN SR 5% ); PAL FR i —
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ERRFWAFATIR X 5 BT ISA EORREIF

BALME/E (BHREES, KEFEL), HAmimeh ik, faixt
# 2 PR R da il
8255 W MW B WK 5. 2 Fi.

5.1.3 HFitBH B IEhER

(O BHERNL B BN S e S RN R BB B
HEPARE, B S@ARFE R NSRRI L. B R
RENFMEIERIRES, SR A S AU R EFHEEN, EHARE
—BE LB FUEHE ., EMSEANEERAZRILENNAEERAIEE, &
ASBEAEWRE. Sk, s RREsE R, SR ERR K.

LEEIBhAE N LR RIR, A T AR B R LR A kT E 58
BERPHERPIER . REMBERESURABY. BILMNERESE, DB
ALABEAT TAR T . BkepE 5. IEHMRYE. BRI RESEHZ TIL BY¥YH
5. WP O EEGEIFERFGAZX 3 M55, HATLEKIAMILE
BalbHERin T,

FEARFEHEPFRHEOL# BN EZ A SERVO AF KRS S E, HSLE
KJ56KM2-851. BB SO oL, W EERIRE, AEmm s KA.
e K AR RS, FEINREFEZERR.

HEARMAERE 5.3 B,

# 5.3 KI56KM2-851 A
Table 5.3 KJ56KM2-851 technical specification

HEEA 1.8° REFH 100.0N-cm
HHHL R 1.5A i i 4.0N-cm

AR EE 270 HEIRE 270g-cm’

A8 L 10.7mH EH 650g

(2) WEhA% FEARIBEAF NS EER IMS AT HARE DB A
2N 5))4% IMAB3 . TR FH LR TNG B A ASIC Hi ARtk B4l o X sh 28, fFH,
EOEME, EAHEEE.

a8 iEsF:

S0 A4 HH 4 RLERFSJTE S1 KRB . 3 6.4 FUH T HrAER AN 7 B B3t
FITF R RBARE.

2]



ERREM iR X 5 ET ISA H R

5.1. 4 AR B AYEEH)
REIR R LR E MR E SR AR, FEAEHT S 1 IR

7 5.4 IM483 WEEh A5 40 47 Foxt e R
Table 5.4 IM483 driver subdivision tahle
g | ik St S2 s3 s4
Zit (P MSELO | MSEL! | MSEL2 | MSEL3

2 400 ON ON ON ON

4 800 OFF ON ON ON

8 1600 ON QFF ON ON

16 3200 OFF OFF ON ON
32 6400 ON ON OFF ON
64 12800 OFF ON OFF ON
128 25600 ON OFF OFF ON
256 51200 OFF OFF OFF ON

RERRAHBNES IM83. BB R IR B E 1 23 HaiE MR E R R A
e, RENBRTREE-MHEEH, IR0 ERTLRAREX—
HREEAMAEEML, HEEHELBNAREL - FHER. —HRSELA
EH—FEERTHHE, BB ARR T THESRERENFNRE. &
BHTCE R RS 4 B 2 E (60~ 100ml/min) , L3 (EMR) &
(0~50ml/min), HHTHEIRE (300~800ml /min) , BRIEFHRE (0~50m1/min), i&H
AMHERAE O0~10m /min), REXAMBIFHERBHERE. ALEEH, &
AN B EATEEARMR, ERE K,

T XS 8253 TR PP EYME count W EHITHES . EAWAHMERE T
H-FR kP S, TR e T RN A E, EfRRE T AR

turns = %D (r/min)

Q=gxdxw

60-8-f _3f-®
360x-turns-A  10/-4
_Smdaf
T 1002

count =

(5.1)
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FUR KAWL Arie 5 FTISA #Op R

Rz count NvHBBRVME: turns Jp 58 AL M (r/min) . (CHRBIRMKE;
O HEEFTELHEE (/1) d HRAEHESRER: o AREHE: FAE
BB AR AN (MHz) ;. A ATESIEE T RIS 0 AP A 1.8 .

T2 HEFEHLTE 55KHz Ac A OB SO0Rh Fr=E 3L, BILZE i S s ot
PR TT 08 2 50 4t 55KHz (45, B

601

count # ——— 5.2
o 5.2)

L, @l RETR, B L s8menT:

PRI BRI £ 24 1(MHz) ;

ERT MBS ER 147, 187, 257 (RS EHER ZREEHEM 7T,
HEHREDIHA0.84,1.77, 1.67 (ml/r) . ZMFEBELA 14°ER, BHE
FLR 187, FERFELM 257E R,

WA BJEMAF A 2MFEEN 32, MERNERRER 16, HFHE
wH4 FERAMIL

5.2 ESRIRESLHE

FEARE A BE T RE R R ARREMHOENT BRI HERTNE
MRS, UBLERETREQNLENSE, METERE AT HRESE,
LR EMETES, GEARRE. BEL., BHITX, SERAFIT/0ES.
FHEFERAMRIEEXE AT M ACI059 8. AL SRR iTa &R i
SHPRERRRE, FTEHTRAUMERBRZTH P WEREZE, BT
JEAZ AR AT R B

5.2.1 RhiERER

EHEBRBE—MEEHIESEENSGFS KBRS, XNEEHEANRE
KYBI1G/A RFIE A&, EXRAZETEESREEERSREREAMEN
015 A8 0L PR B B AR o

() KEFEEREFESSEWT:

it A 14~36VDC; #HrHE 24VDC = 5%

BHES:  4~20mADC

WA BT RS

BfE: 0~100kPa F#IES: 400KPa

FEHE: + 0.25%(>2. 5KPa) .
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LERKRFR LA 5 BT ISA ORI R

() HeELENE 5. 3 BiR

@) HIEH—wiiEExR

WENEBRREMRNEMNENES P ERRARES T wHM, FEXER
PR

KAl B Fzr .

4P -251+100=0 (5.3)

HIEJ — i fE LE s 4 FiR. ATETESREERE, ERFES
HBERABLES, EERBSELRERPENGEBME, #5510 R R e
I AC1059 HEF,

4=
'Hij“
2
20
4
TR S s ' R
0 100 kpa EH
5.3 BhHEEBEREREE 5. 4 ey —ilil 4 sz
Fig 5.3 Pressure sensor Fig 5.4 Pressure-current
connection picture conversion graph

y=Y
G
R=~L—J~= v (5.4
I Gxl
Rmin:Umin — Umin = 0 - =OQ
I, GxI, 1x4xI10°
Ry =Tom - U 10 5409
I, Gxi. 1x20x10

Hep: USRAE-ERAPHEERA, S 0-10VDC;
G ARRER, B G=1;
I hiE RS M R, A 4—20mADC;
I R BITEEH 0~500Q, N THMAGESRERFIREFUHRER, AFR
B R=460Q . M
U =1, xR=4x107 x460 =1.84V

24



T AR i 5 T ISA Ot

Upex =T X R=20x107 x 460 = 9.2V

i, A AC1059 R FHIMETEREN 1. 84V~9. 2VDC, f 5. 3 A RIBK M =52
ATAMERNREESENNREN:

U=IR =460x[

4x+100] 55)

5.2.2 AC1059 K&k
AC1059 B —EKBINEERT 12 47 A/D . T HAE: 16 BRERA (AR, WA
FEEIBA G=1, 2,5, 10 4&; #R b 16 A7 20252 A ZHESISEAL Y (10us-65ms/ 7R )

i acl059_ini(short
MOBE, short IRQ)

BE LB
B

acl059_setch{short
CH, short GAIN)

WHMNIEIE
SREAMS

N ] 52 B S
ﬁﬁﬁﬁ%#\\\\\\\\ad%[mﬁmﬂ@wsmn
l TIME, unsigned short
HEFEEESR LENGTH, short #DATA)
BERTY
R

B R R R

s 5 A/DE R R

Fig 5.5 A/D conversion flow chart

ERTHEFR: KEB3L MARBEIENE: A/D WERAN: KEERRES
i, 24 BRI HRFES T 1/0(8255); 1 BR 1247 D/A B 38 1 2 9% 16 fir1-448(8253)
R T T Bk o SR I B . AR O (E A BR AT 1 B ThEEREITAT = R
e

24 BRAT 4R 1/0 (8255) X ERIRIFHIMABB T H B LT, BRE
i, FEFXMERUEITRBES, HXRERERS.1.2. HTEMETFH
¥R RERESWA ACI059 REFRBTHEIE S, REEXRERABLAET
A/D A B SRR RAIMEEE . TR/ AC1059 RE R T A/D Hpk it
HEWFE, HWEERE 5. 5 fim. HppoRRFEs (M) 628 1 BTHREREAL
BE 0-10V, RFEAH GEFE) TIME b 1KHz, XTRFFERERN 100 . AP EH
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HERRF 2T

5 BT ISA #HOMESERT

R CEFEILRESRAGE, FEYMEER—A A/D BBa) A S EErE
DA SR SRS S Ab 0 2 1 B AR (AP AR ac1059. d11) .

53 RBER

L X AT B B R BRI, MU S BB R R BT F 5. 1
REHFNEMZERBEWANEHOER. 2NRMFLER 14758, WErE

60 &b,
F5) 2OERBEEREL R (mD
Fig5.1 the result of the blood fluid data
REE 60 70 80 90 100
R
] 60.2 70.5 80.0 89.4 100.7
2 60.0 70.5 80.4 90.0 99.3
3 60.5 69.4 79.8 90.3 99.7
4 59.4 70.1 79.7 50.0 100.2
5 60.0 69.8 79.9 89.7 99.5
SEHE 60.02 70.06 79.96 89.88 100.08
FrRHEE 0.402 0.472 0.270 0.342 0.567
#s52 ENEENRER
Fig 5.2 the result of pressure data
FRAEKPa) | 0 5 10 15 20 25 30 35 40 45 50
WHLEMmV) | 1840 | 2208 | 2576 | 2944 | 3312 | 3680 | 4048 | 4416 | 4784 | 5152 | 5520
WEHmV) | 1834 | 2198 | 2580 | 2945 | 3307 | 3685 | 4040 | 4415 | 4790 | 5150 | 5517
RE +6 | +10 | -4 -1 +4 -5 +8 +1 -6 +2 | +3
B4k (%) {033 045 | 016 | 003 ] 032 [ 013 | 020 ] 0.02 | 0.13 | 0.02 | 0.05
RS {E(KPa) | 55 60 65 70 75 80 85 90 95 | 100
WA EmMV) | 5888 | 6256 | 6624 | 6992 | 7360 | 7728 | 8096 | 8464 | 8832 | 9200
P EHmV) | 5880 | 6250 | 6618 | 6998 | 7367 | 7720 | 8095 | 8469 | 8835 | 9205
mZE +8 +6 | +6 -4 -7 +8 +1 -5 -3 -5
Tl (%) | 014 ] 0.09 | 008 | 0.06 | 0.10 | 6.10 | 0.01 | 0.06 | 0.03 | 0.05




ERAFM L EArieX 5 T ISA EOMEMF®

HPPiEMRABATL:

i:zﬁ{ (5.6)
PR E R AX A

1 T2
S_"*“—Z x, =X 5.7
n_1 (, ) (3.7

BITRIT (CERARHEZE $<0.6, AF 5. 1 TTLLE M, TR B4 RIE¥ ST,
MEGRIR BRI EIEE .

5.2 £ AC1059 R&E R IEH 0 (EAYENE, BFETREREHNE
R <0. 5%, BURAREN B MR ERIENM BRI T RAEK.

27



WR KR A A e s 6 BT HLLS R LR Bt

6 ETRRISHAEHMBERI

AR ET B HLE O KA EX L BT I1SA O EAH B3
@, MTHENRTRERSHERAMRBRAXLEH, ERE% BB AN ik
11T, TRIETEALA 1A O BE 8RN, HENTENNE REAHR
A%t M HOEHT AR BT T T4

6.1 ETRHHEOMAZEIER

HE TR HE O REHE R KR C Fi.

723X 6 M0 A% Ay A A BORE iR vk b, (R RE PICIGF877 A HLRIE %
EPM7128SL084 [Hn[4miSiBBEE1F. PICI6F8TT A HIFAEIE HESMRE, B
FSBMARMIES, Y5 PCHLZ MFBTHEE LR M2 PLD TSR THRIZR
32 B AR B DL B 2 SRS B L B B P s S o B R e AR 3F B
it i APl TP DA & AN P . TR X B &
SFRNE, TRV T R EEER SRR, T REEHREY
AT EMERREE, FRRAHET ] REEBEFNHEES VHIL,

6.2 PIC RAFIBK#

6.2.1 PIC FEF8 LA
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HAMERD 6.1 £ 6.2 %!
# 6.1 EPMT7128SLCB40)IFL{E R
Table 6.1 EPM7128SLC84(0) ture table
EPM7128S(0)#IA EPM7128S(0)H1
cs enable addr elk datain[15..0] freq0 freql
0 0 X X X &AL I HLSF
0 1 0 7 SHEEN N {5 i il REFAE
0 1 1 z oSS M RIEERAR M fE B S
1 X X X X RIEAE REFAE
# 6.2 EPM7128SLCB4(1)fI EL{H#
Table 6.2 EPM7128SLC84(1) ture table
EPM7128S(1) A EPM7128S(1%iH
cs enable addr Clk datain[15..0] Freq2 Freq3
1 0 X X X fIRH P fiFE
1 1 0 7 SHEBN INRED R T {REFLA
1 1 ] / SEEH M RELE M i i
0 X X X X BEANZE BFFAE
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X = AHE; 1 = @WE 0= EaT.
A} VHDL F 5 B 4E — 40 9RAE P WAL (freq divide.vhd). B Max+plus
IR LEKERGS, BEER-MEIHS.
EPM7128SLC84 (0) H B 444y BC LB 3% D. EPM7128SLC84 (1) RIE B 2r B AN
FRAL

MAX+PLUS I
R&S Lty

MAX+PLUSH || | iER | HdER
BEZT 2 I TS T

MAX+PLUS 11
5 B ERTS
Al

MAX+PLUS II
W I8 43 A7 25

MAX+PLUS Il
ity

B 6.11 Max-+plus 1 {5 S AL E 2HZ X B R E

Fig 6.11 Max+plus II info processor and arrangement

6.4.3 Max+plus [ FETENER

Max+plus [l FFATERE[E Altera 208 HITWHHAT—F CAE B LEHE, ©
HAFRBEMAF SRR CERBARRES) WMAMATER, AR TRER
M&NSE. R%. (E. SONSHERSIME, it B hs e
R AR B B LB AT ARG A B (W FPGA L F), UK ASIC EH .
TR EDA BTN - TR, BaEERERBALE ™.
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WITR TREERABIMERERLE 6. 11 k.
6.4.4 FRRHAINER

ERARLAMXEGEBZPHAT VHIL B, HalsadtEn FiEAnE
HER. HERATRIERSH VDL BSREMIEERE Fih. (iEZBmAZE
RIBSEBIREAZER * scf M. * sof MR 4L RP BB
SHFRFEOIE . VHDL & & 100 BB KB A A B R 30, (e A et
O 3B, R R R T a0, 5 BB R T 6. 12 T
IR

B 21 RT 4 50ns, enable 1, cs b O ik % EPM71285LCB4 (0) i5 H . 3
MRS SRS H datain 28 2, addr 2y O Bf, ZE3AFHIH freq0 L 3 S50t R
JE# datain AAE, addr 4 1R, SHiEY freq0 FBSRE 3 285, 1 freql
bt 3 N, IXPERE R TE M ELE S AT ST BT AT R A .
M, 3 cs i1 E, &+ EPM7128SLC84 (1) 5, Him B 55 s HIR L —#¢.

1[[1an5 lmiﬁns E[[]_Iﬂns A[IJIE]ns HIE.Il]ns Eﬂl[]ns 71]].|Dns B]].II]ns Iﬂ.rﬂns
_enzblp i
s 0
_A tatain D2 1 | 3
_~rhk 0 l F I l l l l I l i ] I
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ht [ e Y |
YRR LT L L

b 6.12 £—4r8ipa 07 B

Fig 6.12 The emulation time-sequence of any divide frequency

6.4.5 PLD $4= 5 muL 4R

FEAREF T MAX7000 RFIFFBRE], R THER PLD 51 k4546 4 B
WAL T, B EPM7128SL084 (0) F1 EPM7128SLC84 (1) 5 1. &k PLD A% 541
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F) R ARERRREAME, BENG TR PCB 1R [ ANEE T &,

ERR GRS TRHATRIEE, HERGER, B85 FRAAREET . JTAG 77

AFEFRFEE: © AUEPCHLIE O LELSRTE NAXS000, MAXT000 2522,
@ THEEIHKE Max+plus |1 FREMS. FEXERGRIZEZITBERER,

BAE JTAG S h4TIT Multi-Device JTAG Chain %#% Multi-Device JTAG Chain
Setup I, ZEXMEHEFEHMBERIEN M (. pof), HERMRS HLEEAR b B 23445 5 4H
m. EERRES, T Program f Bt TR A HE T S22 4T X JTAG 38

eI 1T AR

A PLD BB SIS H AN BRERLE 6. 13 Fimx.
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N\ St Buaind B TR =
N Biass—§ ] Da foR |2 2
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Bl 3 | Deainl
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Deatd ¢ ) pewrs
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eains 6 s
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il 8 | pwaind
aind 26_TpO1
2 T W VY mo 3
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T Dmainlo 1T 3700
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Fig 6.13 The stepping-matar controlling circuit diagram with 2 PLD chain
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7 AR

RESFBNMBOET RAM T BT, BT ARKAFRHA Visual Basic. 0 3
BITR, MR Visual Basicé. 0 EFHITHEBMNE. FEMMET WBETE
BRAENRSAEE. B8 Bor. BB E UK Windows R A F2PHE D APT, 34
S 4T U0 AT SCER B o £ S HA R0 7 5k i R

7.1 Visual Basic 6.0 B945 5

Visual Basic 6.0 —F 746, AR FRA F4-ah 7 AR &5 M1k R
ERFRIET, ATHTHE Windows FEFHERNEEF. EFRG2E. HNE
w, BINEETRR, PILLE Windows M1k AT H SDK Mg, WHARFEFTEA
AALERE C/CHRTEHER . 7F Visual Basic BT, FIFHE4IREIHIMIEHE
B S B AL R TR, #8 Windows PFAAN FFEFE 0D APD B, MR
AR DLL) . 3IARIRA#k (ODE) . BB OLE) . TR EEER
(ODBC) EHiA, ATLAER. SREHIT R Windows R FUIREIRA. BAEAHEE
ELROAGE SO 8

T #4428 Visual Basic 6.0 HIJL IS

() kiR

Visual Basic 6.0 {2t T {b i+ TR, € Windows SFEIWHAIE =it “H
®"EX, TERAAFDLARBEHTHRERXNEFIERLS. Visual Basic BN
EFE R, BRI ARRERRS LIPS R, M
PAR IR AR P 3 .

2 It ROEZERRT

Visual Basic 6.0 ZIFH X ROEFRIT, HES—RPERANRGEFRER
ES (0 ) AE£ER. E—BAERNREFESD, NREEFAEM
AR AR, RHMBIIEEAS: 10 Visual Basic 6. 0 W2 5 B i m xS 3273k (00P)
PREFARENERREN IR, FAMNBRTNERRE, FHEMRA%
EFRFRAE. ERHNEN, AORGEIDHRSINERMNERNSE, WEHT
B ERM E, Visual Basic 6.0 Az RARF B HELK. §05
SUERBFXERERE L, HETHK.

@) S EREIHES
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Visual Basic 6.0 27 Basic Zffi LR EEXMN, HEEEBREFRITESDH
WHEH, BaERsE.

thF Visual Basic 6.0 2—MEEBRFEITES, TEKEIESHIIEE,
EVANBREFNRERRES L. BRETLOE LSS % EE Dynanic
Linking Library) #i A% C/C++EIL4RE S RERIFEFIMAF) Visual Basic FEFf
REFF, TUGRAAANSRE-FHARLTESRENEL. i, Bdams
BEHEEA VT LR A Windows R FAFE P4 1 BR 20 (APT) iR 3, SEBH SDK BT BT T ik

7.2 MFEREBEAMIZIT

M 3 AT A R B AT AR O T R B R R . SR EE Visual
Basic 6.0 ST I R AIEN, EEEGBLUTLAHE: © FHRWALR, @ i
BEE: Q@ #ErR; @ fERR ©® HNMEER: @HEMLRR; @
AIREA TR MERAVH.

[ BMEMARM e N B R |

A a— A M s
< A ) E— EMBE. [T
B o] N8R 5 MWL, TR

% W € (IR [1T
Rulal:  UMERap
W i&.  [Fe7erToa

e
FEER, MEFRFELTR

el 1A rwﬁm

7.1 FrEm AR

Fig 7.1 New patient info window

FERARREREAE: 55, 48, 5. 78 0E. MEERANEE
a8, FEEXBFERUFSARIFHERAVREREET. LA 1.
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HENRECE TH/LASENRE. 20KE. n% (EhR) KE. B
BARE. BRRNE. FERNE, ZEBRNRELHTRHE—TEHEK, #
HXEHB U S 0 RFRAFEERE. LA 7. 2.

2MmiE 70 (E30 50— 1001 /nin)
o Fﬁ_‘_' [F2M 0—50 al/min)
Eﬂm‘gl

e B
FrRFAR ’5— (5 010 nlfain]

& 4T A [250 (OE 150—diom] fmin)
i 5= 0 W) RUBEQ) "B |

B 7.2 FEEERE
Fig7.2 Fluid settings window

BARW BAETS: MIBEKE (P1. P2, P3) , M4 EEEIETE P4, ST BEIE P5,
WHfa R P6, BITEERLUE PT DR BB ENREME. FiEENESREN BR
HATHE S

REBRERE: EAEHARPI~PY) . mMHEERLOI~D7) . WilL1-17).
ML (L-7) « B TRE AN (MR AP 45 3R SERUIEIT AT 10 4340 SERRIBTT).
Bl LA B EREE TREWRBE, FRAREESITEARE N,
FRIEAREMRBFETALEE. WRXANEHEBHTHEHRKNMLE, HE35
5 LB M OB AT AR RUIE AT EUEAF IR R R AT SRR

SE R B R ENBERRENEH KL, TUENENIES M
#. MHLBKNERENTE—BREAZSMENERER, IFFEHEAED
BERISAE. WEELT M.

EHAA TR RERABREE EPREFSILRANEREERRREHX, H
A RLIEET R R B A R . Mg iR A R R SR AR, UIREFR
ABERIBEREE.
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&l 7.3 MBGENTE BRI RAHER
Fig 7.3 Hemodialysis software system chart

7.3 H Visual Basic ZHl4R £ p A9 3CET fh £ ¥ S 4k

WL VB FFR MR HRTAT, VB RATIRAREIR E I DL R 4 A
AP SRERER s, TEASM VB IFR LR MR & 2 7.

7.3.1 XLk

LA ik R B R BUZ BRI s ar v, DU AR IR AR MR T
EHEREE, NEEERENFERRBEZNEATL. BEISWATHENES
i R, WEAEE Rl HE R A 2R Bl e R AL A8 F) .

WH M AFBES EMENHEMELS ., MEHBRASHE AR
F CLS J7ikiE . F XOR #7i%, B TR DrawMode JEYER % XOR Pen, T
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RERMELFTEm XML HEREELME, HEERTE—HHMA; Bitblt
7730, APL BRE( Bithlt ALK —BIN AN~ #3558 (Device Context) H#
FH— D BTHREARSEHRMUIGACEFTEI MR AR, HEELE
FORIT Bitblt BRECEHL, B LABE HI T AR Hb i 3 A7 B T A0 B 22 IR
e THE R O AT LUR SF e S b R BB 8830, ST AT D BR YR IR I #E
ERFGTIAEY RE, M TREmniEr, MR EEEsgeE 1
AW REMEAERHET. W8 7.4 R, SMENERL T E A EREILRE,
MR P&, FAAHAFEH LA I N MEEE SOKERE, BHY
FEESRAA N B BRI B LANBK IR R B, A5 B I s 2l
L. XM AZBRREERL BB, BE R, SHARED.
ZTREFPE Tiner B4 F4PHEHPAT, AL T
TR IR B AR R A UL HA A LA R
"num: &R ERFE S, SR N SETABES,
ox: HHFRETRALER, cy: METARISANE, Ix: L B RBBAE, 1y
LA R ARRR;
T1ix: (MECE T SHERANKR, 1y (RIECE T YAAER;
Tow: HIER EARARBE A XBNEEE = BAERE / BAE. ANEE;
Static N as integer, 1lx as single, ly as single, llx as single, lly as
single
Dim cx as single, cy as single
Dim cy = recstring ' HARTHIE S AN SRED B E
If N <= num then ’HEZKBERLELGF, A line FEEERERELH
F2H, AHYE
cx = N * nw
1f N > 0 then picturel.line{lx, ly) — (cx, cy), vbBlue
If N=num — 1 then 1llx = cx : 1ly = cy
N=N+1
Else Hi&kF# T4,
BitBlt Picturel. Item(Index).hde, G, 0, w- nw, h,
Picturel. Ttem(Index).hdc, 5, 0, SRCCOPY " #MMEHEFHE —SILL
ERRERRE AL,
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Fig 7.4 Real-time curve tarning left chart

DoEvents ' RHREE BN E TN
Me. Picturel. Item(Index)}. Pset (99%nw, h-nh*[1y},
Picturel. Item{Index).BackColor ~HFEHE A ERE—m
Me. Picturel. Ttem{Index)}. Line {99 * nw, h — nh * 1y)-(100 * nw, h - ©h
¥ cy), vbBlue ’HIBE —5&ik
End If
£ VB A3kt B H APT B3 BitBlt( ) an°F -
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Public Declare Function BitBlt Lib "gdi32" (ByVal hDestDC As Long, ByVal X As
Long, ByVal Y As Long, ByVal nWidth As Long, ByVal nHeight As Long, ByVal

hSrcDC As Long, ByVal xSrc As Long, ByVal ySrc As Long, ByVal dwRop As Long)
As Long.

7.3.2 ek

D1 2 ih R e g 2L & — B [ g AR BRI S B, T EA
Rt e MR E, ATEEENTE B R AT ST B
04T, T LUK MS Chart 34 BHEHF K LM . MS Chart 14 ThEEE,
TRESNFY (WEAUEGNHRHE URER. 5%, Rix%Eh,
B E VMR HELMRE. E. TES. EREHEPIEEEINE (Picture) H)
Autoredraw BYEHIHE, ZEMA True HAMEHTEH XN ERER L CETEE S
R FEREESIEH .

7.4 FRBBRAEEIR

M BEREEYA PN T REHR, AXEREHEE.

Visual Basic 6.0 FAFRTLAMEAREREYRAF HOKE, HTRBFES
XA B F . BIKFE Visual Basic 6.0 FE MM TE XM, AT
B XERMR, EREEFEFR T REATE XA e & LR E,
WP LA B L B 2R3, (R R X R IR, BRIATHE B
B TR, it —4Z8E EAXHLERRER, FREMNIEE bt
SR B B S E 08, REEBTHIREERET
oA, TE R RAT. P H Sub M Function it #2 B AM ik, Stk
R RABIE LR R R A B

S, B2 T — PR melCD. cls, MMM BUREZPHRBE
TIEE, BERSEMEARHBSE. AARKAETRIESENEEAEErHFRA
ffe e, T ERESEFEN, ETRFEANMRBMRERET. RN ERERTEL
%47 picture box (¥ BackColor F1 ForeColor BiE{E, LMER@mEEM.

TEAF I SSRTE AT, SerExt L PR it P WA I8 8%,

TREXERERHNR

Dim 1lcdQX As New mcLCD

R FE T Eon R A BR e B

ledQX. NewLCD picQXLL ‘WS BREMAR
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XBEEAE ERTUEIARSTAEFHSMBESET . HRE Rk
T2 /5 W& # MCLCD. CLS 3044

7.5 Windows [z FJ 12 FFH 1(API)

N FEFEAEM, BR API(Application Programming Interface), & Windows B9
ETRs —. APLEBIRBRE —RFINMEERE,. RRGRHUELAMATHEAR
RGO, HITERRIENRS. 16 Visual Basic MARERFY, APTLRRA
YRR R R A APT R EUERE, SCHATRERRE. AP P HIRERE
A EEHERE (Denamic Link Library, Bff DLL) .

FEBL AP, ER T £ AP1 B3%, BlndE#y 50 int XHATTHR APT %
AT

Publie Declare Function GetPrivateProfileString Lib “kernel32” _

Alias "GetPrivateProfileStringA” (ByVal lpApplicationName As String,

ByVal lpKeyName As Any, ByVal lpDefault As String, _
ByVal lpReturnedString As String, ByVal nSize As Long, _
ByVal 1pFileName As String) As Long
Public Declare Function WritePrivateProfileString Lib “"kernel32” _
Alias "WritePrivateProfileStringA” (ByVal lpApplicationName As
String, _
ByVal I1pKeyName As Any, ByVal 1pString As Any, _
ByVal 1pFileName As String) As Long;
Fledta T R 4R 580 DLL B3 FInTesh % AC1059 £ IhRE 12 A7 A/D /Y
ENFRERFBERBEERNT .
Public Declare Function acl059 chO Lib “ac1059.d117 () As Long
Public Declare Function ac1069_chl Lib "acl059.d11” () As Long
Public Declare Function acl059 ch2 Lib "aci059.d11” () As Long
Public Declare Function acl059 ch3 Lib “ac1059.d11” () As Long
Public Declare Function acl059 ch4 Lib “acl059.d11” () As Long
Public Declare Function acl059_chd Lib "acl059.d11” () As Long
Public Declare Function acl059 ch6 Lib “acl059.d11” () As Long
Public Declare Function acl059 ch7 Lib “ac1059.d11” () As Long
st R PR EARAR N E DR AEHOT
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Public Declare Sub Outport Lib "Vbio32.d11” (ByVal portid%, ByVal
nhyte%)

Public Declare Sub Outport¥W Lib “Vhio32.d11” (ByVal portid%, ByVal
nbyte%)

Public Declare Function Inport Lib "Vbio32.d11” (ByVal portid%) As
Integer

Public Declare Function InportW Lib "Vbio3Z.d11” (ByVal portid%) As
integer

Ak BT 307 e E R 507 7 B AT 8EE VAR _DEFINE #E8uh (YRFEF AR5
WIENEERMS .
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tBoRs, FANBEaMRETNGERE S, BHLTERERE, REEL
TR H B, KB HLBTFHBE.

BIMAE 1L, dTREMBEAKER, HAEN TR RETHEE R
TR BAFMBTEBEWT.

(1) il 3 A o 2 Y R AR A R

@) BB RAFE R STR

@) T ISA BOHEARRTRI U REARENRESIER;
@) MAFEIERREMRET, ERURITUREMSNRT,
) BT B OEF R TT ST U RN R T RN ®E T
©) WTRIERERMHBRI, VHDL B NRIE KB HNERITE,

E T OOE X R G W ABATENGT, B e ERRE A G ML
Zatt. FREEERTURENFTHNELUEER, NELHBIELES
AT R WA 1L B A SR HUBIT A LS, (B R e 0B E P R L i 52
HARA T X BB E DRI R U 2% . X S BB S 280918 A
—Fin RN F R E BRI R 2 R RS H 0~ 10ml/min W E, HE
SRR EHERERHBOEEARRE, WELETR —HREEHEREND
F— M8 D AU - IR AR R SIS F EOP B AL . 5
Shxet i R P BN SRR E BRI B — D AT R, 0T
R REEBCRRARNSRNTE RMREE: WEE 250mL/min,
0.0003mL EA L (B Sl). HIMENR&ERHAFHEAA HRIRE 5 RH
TREFE, XHERETRFTER. BTRETEENRL B RSWER (0
FENFREE, RAPEBIL. BDIURRILANRIEREHIFERIEHE,
MR EREHERE LERBE) #ITREURRGHNBE GRS,
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