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MEASUREMENT TECHNOLOGY OF COMFORT IN
RELATION TO VIBRATION ACCORDING TO UIC513

INTERNATIONAL GUIDELINE

ABSTRACT

As the improvement of people lives and technology level, more
requirements are increasing to the comfort of vehicle. And comfort in
relation to vibration in railway vehicle is one of important items
which show the quality of running vehicle. High railway design
regards the comfort as the control condition now more than the safe
before. In order to evaluate quantitatively comfort in relation to
vibration, a measurement system which evaluates passenger comfort
in relation to vibration in trains is designed and developed according
to guidelines for evaluating passenger comfort in relation to vibration
in railway vehicle (ULC513), which is made by International Union of
Railway. On this condition, the first portable comfort measurement
machine is designed and developed, which contributes to the

criterion of our country in railway. In this paper, the basic structure
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and main function of the measurement system and machine, the
specific method and principle for evaluating the comfort and test

experiments are briefly introduced.

The system is a multi-channel instrument based on portable
computer and includes analog filter circuits. For hardware design,
the circuits are simulated by PROTEL99 and ORCAD in order to
meet the requirements of physiology filter curve. The analog signals
is converted into digital signals by A/D, which is transmitted to PC
through the print cable. Also GPS receiver is equipped and provides
the status of running train, such as direction, position and velocity etc.
For éoftware design, BASIC and ASSEMBLE language are used to
save, process data and display the dynamic images. The software,
such as MATLAB and ORIGIN, is used to process data and analyze

the results, which can provide the reference to deep study.

The specific method and principle for evaluating comfort are
introduced in detail in this paper. At the same time several test
experiments are also provide. The test experiments have been done in
different trains during the section of Huning high railway, Huhang
high railway and the section between Shanghai and Xiamen. The
results an analysis show that the measurement can meet the need of

comfort measurement in UIC513, and the analysis results are very
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valuable to improve the railway qualification of our country, which
will be the important proof of establishing our own criterion for
evaluating passenger comfort in relation to vibration in railway

vehicle.

KEY WORDS: comfort in relation to vibration, passenger train,

measurement system, microprocessor, portable machine
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F 2-1: MEBEAEBBHRAER

Table2-1 Acceleration Sensor Specification

R 1) UIC513 | DUPONT | XLO5 XL202
1| WETEHE m/S? 20-50 50 50 20
2 0.4~ 0~ 0~
oy HZ 100HZ | 0~300HZ | 1000HZ | 1000HZ
< <2
o dB <0.5 <0.5 0~300HZ | 0~300HZ
<0.5 <0.5
3| HELktE % <0.3 <0.3 <0.2 <0. 2
+¥E (m/S?) - 0.15 0.1 0. 04
4 | AR | wSm/S? | <0.05 <0.03 <0.017 <0.017
i3 1Degrees | 1Degrees
5| ®EE— % <3 <0.02 <1.8 <3
ZEEB | METHE
BE— /1°C <5X10™ <2.5 | <2 x10" | <3 x10"
RPEE X10™ 0. 5%/25°C | 0.5%/25°C
%

% 2.1 1 XL0S XL202 ££ B3 10 B 45 B R 5 MORVE B B L% 2.2,

# 22 XL05,XL202 B RSN
Table2-2 X1.05,XL.202 Acceleration Sensor Parameter

Parameter Conditions Min Typ Units
SENSOR INPUT
Measurement Range ’ Guaranteed Full Scale -5 f
Nonlinearlty Best Pu Suaight Line. 5 g FS 0.2 % of FS$
Alignment Esror* 1 Degrees
Transvesse Sensitivity +2 %
SENSI1IVITY
Initat Sensitivity at Vg +25°C 178 200 mVig
Initiat Sensieivity at Vour +25°C. R3] = § 0.875 1.000 1.125 Vig
Tempertature Dri® 0.5 % of Reading

Specification refers to the maximum change in parameter from its initial at +25°C to its worst case value at TMIN to TMAX .
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B 2-10 g fe ek
Fig2-10 The Circuit Designed with XL0S
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B S a PN TR e 247 8 B =% MSP430F149 BFHl

=3 MSP430F149 A B4

§3.1 FERS

3.1.1. NSP430 ZHE /T

MSP430F149 £ TI 24 & B h 1 — B FN L E G R, G T
EMNERAERFING S, CRBHEENE R E Brish IR &
GHAMEXR. TERNCRAFREIIFE. 16 FEEHES. AE AD E#E.
BITEE#HED. B4REER. LCD BHEE AR TREN SRR, 8%
REE. BERE. REEUE. BEE AD BREHAER.

3.1.2. MSP430F149 =BS54

BATZHTLLEE MSP430F149 {EARGRMRLE LR, FEREZRIITR
TI /A & 2000 £EJEH#E AR IHAE Flash B 16 42 RISC 84 E B AP, AF
EERHNSMEER, MR, HP MSP430F149 BE— 1N AF 8 MIMEE
R 12 fLEYERE AD ##58%. — M RF EIRHIIRNBEERN 16 NFHTT %
BEME. FRSERE, —MEEARS DR EMKER MM AE, K
A/D ¥ ¥ 38 IEE W H& 200KHz. FIAS R AR E3E#TIEE, A/D #H#5s
AUAREERRLOEEZOHBITMI T, HEBESREREEAsIEANEMH
X. X, PRAOESZHNTERBERRABE. BEZ, BITTLULLAEEER
ITHEWBFESEEIHANE B TEER. RtZ5, AENSEREURE
P R AT LA DA ISR A 4 B 3 H R R RGBSR A 1.

BT HE TIHEREHENEE, MSP430F149 ZERSHLER T ATIEEERI s A
DT R FR K BRBE. Hoh, XERHAE 6mS 2 AMRFHUIERLZ)
#EF L2 THEEX, ATERNNIETRGASRBLME R, LA FE
KK Fa. EEENITERET, mBRIEEEY 22V, BABGEA MIP
Fril#EE s R 250 pA. MSP430F149 f TAEEETGE A 1.8V~3.6V, &K
BEEZ KR SMIPS. MSP430F149 X 64 B QFP #3 B EMEL#H .

1 EMSP430F149 5 H60KAIROM . 2K RAM . BANE4TH, HFTimer B
BINHRALBEE, XHBADETHEEFRERERTRANSTE. BARE
wmE:
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FEE RSB X B MSPA30F149 %144l

a) fRHE: TEHREN13—3.6V

b) ABIKIHEE: B SHYAEER, HPLPMAKIEFHFERDGEHR0.1vA , FHRE
FEH200uA;

c) MEIhFEHBEFRE R F6us

d) AR KICPUNE, 16fIRISCEH, HBMFaA N, ESMHz A& 3
[25nSHiES K, BRE16AMREWN P, RBRNLESHEST .

3.1.3. MSP430F149 fUFB{EThEEEHE

HFRNZH R EHR AR, EXNTFETHERRE, EREREKNY
B A (R R B (8] B T4, TIMSP430F14976iX A i & T AT ER, HiBEsh
FEMERER LU E B 5 XA A SR HIE VIR . EREFEN R HCPU
B ER 4 i} EIARAER R b TARBRARA) o MSP430F149% SHME ThEME R, 7 £ 42
FFp, CPUSERR T AN BT S Z )5, BiikCPUBAE LK II#ERR, CPU
BT % SE R KB 5> TVEABLE - T R &5 FE iR P SE Ak, BHAH R P T BECPU, e
PHIRST . PATERZE, BENMETHFEER, FEE s AR smigs
58 MACLK - MCLK . SMCLKZ I #4455, T ELIXLEmt Sh i 8 o] (g Fi P B0
PR ORI & A R 20 IR,  FFEIE S0 BT 7 80 5C P AR AL SR A B
B, BROTRIHH BRI M. ROFEEXMHEASRE EEHSR CREFF
#) $HSCG1. SCGO. CUPOFF. GIE. frf##l.

BUREE 2 200 kHzAI 1202 A/DE:#:28,  in_EMSP430F 1498 B e Th 6,
B b el R 4001 vA A RAFHUAE K R 401.5 wARI L 518 H BB IK Lh #E4F
#, IML BB EFARMHEHNBREV ST B2 EHE.
FEEEMNNEEEMNONARER S, REFARAXBHEREHERME, Bad

T 7E 10581 558 19 #B A6 5 $.0 i 150
, . 23¢ E 5638
§ 3' 2 MSP430F1 49 E‘J%ﬂﬁﬂ o R “t'zlnr':J N
PB A3 . :: 513{;&5\
Pod-ad]] s [} PE5A
3.2.1. MSP430F149 AY3|58 Po.s a1y asf] P3 v s
Po8ia6]) s wf]PzosIEl
X8V 3 33f] P2 7 TBCLK
MSP430F149 % 64 I QFP H% il b, o
XOUTTCLK ] « wljPdsTB4
BEREARE, WA 3-1. AEPaTL | el e e
et s ProTacik e O ed T
FUEBH S FIMIRE, EAME sl e
H, SAMmO8ATEEER, BESM0E  sdacfy L S
WHDRRO, XATCAEEENRARS gfgg
. s s5:323385582233
AR, SeAdifpRas, EERNFRR L R
I &

Gk THRRMGE, ®mT RiEH.
B 3-1 MSP430F149 5| E1&

Fig3-1 MSP430F149 Pins Diagram
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L3RS AR ' $5=7% MSP430F149 # i bl

3.2.2. MSP430F149 RO K AshEiSR

BEERBEEEAMTIZNCERE, RERRUARAHIELHAN ER™
i, MBAIEEERES NG, LERWEMNEENTESERRINERDY)
RERITUAL I8, XHEEBERT AW SR &, AR R E, M EREET Sk,
MSP430F149RF £ E K/ WS Bk
a) 2fiMA/DH#|BADCI2, FNMIMEE, 4MWEIE, HIZ200KHzHRFEE
EURBFHRES .
b) 16/ Timer_A 516/ Timer B, ®] 5 {E#1sLIUART. PWM. RHADC.
©) 12ANFEATOFHFUARTHER. SPIER.
d) BEHFREBTRENITEXS. 8X16. 16X 16REHRIELIBR LR,
e) 6/MFITOP1I—P6, 48%10M%, HFP1. P2REFNEES.
f) RIENFHRZ.
g) HA4EAEHEEHIRERMDCO.
h) B8 — e FIHERMDCO.
i) 32768Hz&R k=4 RS ¢4
J) B EARTE E EARR B
k) mIfE R A EE bR

3.2.3. MSP430F149 AILEHIELS

MSP430F149 A& HME 32 i, FEGHE: CPU, BFFi2E (60K
FlashROM). HIEF#E 2K RAM). B ERHRA. AD E#HE. JTAG
0. Erf2% (Timer A F Timer B), BEFFHL3%. VO O, FI1% (WatchDog)
fB4T0.

dags

3-2 MSP430F149 (45 HE 4R A
Fig3-2 MSP430F149 Functional Block Diagram
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LR RFEM L FAL I

E=% MSP430F149 B Hl

§3.3 MSP430F149 HyE EThaELE bR

3.3.1. 164 CPU

MSP430F149 f] CPU BITIERX R, MR B EBHNEFELSE. EH
16 ™ 16 N HFFRM—ERHBBIGLUR, XEFFRRREETHASPITH
. X 16 M&FHF2 (RO~R1S5) FFH 4 MRO-BORARGHFRE, FiekHE
1, BT B R FE R 508 RO THE038 RLRES T B(H MR £ %)R2/CGI,
EHERAERRICG, HR RANFEREEATIAFTFE. RES M FFENT
RIS 2R 3-3. BT R3/CG2 M R2ICG1 4b, FEHEBRMITUMEANBRHEHE
BRAMBERLRME. FERERATRITHRANIZ®HER.

SPEESUE T HIE S 4. it BEMIBHIERS CPU &8, LU ERE

WM RERS.
3.3.2. NSP430F149 XA R %

MSP430 R5I2Z B UL R B B Ih#Ee i,
FEAHRMRE: Ol6 fEfEEL4H; @
RS 8T R % . MSP430F149 5INT —
NSRS, ZEARN R RARR AT
pfes, HERAREH.

MSP430F149 MEF R G R RLRE 3 4
%%, EI1R2: LF/XTL. XT2 fFE4
#& % 22(DCO).

i.LF/XT1 &%

MSP430 fj LF/XT1 &—4* 32.768KHz ]
Pz %88 LA — R0 T DUE I R A4 3 5 1) i ARAR
R EXFEIERT, #&52E%E L&
MAXERETIE, MEREETUMN 450 kHz
B 8 MHz.{B & 57 32.768KHz T L{EAHLL,
RS T T, R BRI L&Y
hn. WE 3-4 BRATATLAE H LF/XT1 #5384
ZHIESR.

Program Counter

Stack Pointer

Status Register

Constant Generator

General-Purpose Register

General-Pumose Register

General-Purpose Register

GeneralPurpose Register

PCIRO
SPR1
SR/ICG1R2
CG2R3

R4

RS

R4

R

B 3-3 MSP430F149 I EH %
Fig3-3 MSP430F149’s Register
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LR KSR =% MSP430F149 B A Hl

XN LEXTACLK
>

P>
Osciltotor || XT1.0SC Faug
XT1 Off Fault Detect »
L&

Low Power High Frequency
LF Oscillator, XTS =0 XT1 Oscifiator, XTS = 1

(=]

8

'
|

s"

0l
—

Io -

B34 LF/XTIR%%
Fig3-4 LF/XT1 Oscillator

AT WEHEER, BHA OscOff AFARRENVDEMRZRXARY . XTS
IR AV ARG EHE 32KHz THERARERATHERR. SERHEAT
TAER, REAE XIN M XOUT M _ESMERA; T 32KHz &k T LAERUTLH
A, BAKEFCLEMT 12pF HHEE.

i, XT2 "% 28

XT2¥% % 28 SLF/XT1R Z 2 KBRS 4R, BREREARSTFHEM T/EER
(32.768KHz) . B3-5F /R —XT2I G 2 I S HIHESE B . RIFE, T EAEXINFIXOUT
M ESMERE.

XT2CLK

XT2N XT2 Osciflator

S D 4?4

Xrzour Start-Up

XT2 CSC Fauk

35 X2 REGE
Fig3-5 XT2 Oscillator

iii, HEHI] (DCO)

EANMRZLR DCO ®F FLLEUF)RMF, LR _2— I HHiE
iTHI DCO. M 3-6 Finf2 DCO KIHESEE . i DCO S F& T 25k
Bk, FUTL/MEA:



BB KW LRI B=% MSP430F149 11l

o TR—MERENMBRER, EFIMNETH. BLR, MEAMRIZHGER
EH, BB BR—ASMEEHEME.

CEHGEREGRE, THFEHER.

T e s R

T e ] LUE I R Rk # .

WRSERE XT1 8% XT2 SRR 8 RUE, RAESTED AT HEEEFIN
A BB IS T E A N DCO DIk T k.

448, DCO LEEMARRZ 4b:

o B LIEBRRKREA2KH2EA R IR K.

o fFHADCOR, EMMHMELHEEREN TEBENEHTES.

WRERNAFEE—MEEN DCOCLK, 40 LELREEHIHTSEHE
REPR. ZNMSEMRAURKET 32KHz KR REM ACLK, HaTLUKETF
{E B S EE RC LB . RAOFRMER B ABITRAIZEHR, B hEEn i DCO
HISRE .

LERRAURMKDFEEITH, EFEAT 32KHz KFHRK. ETUAXR
¥ DCO HiEMFRE, FEEIFEERT, RIT/ERREE/MTF DCO. RN
P EERERENEE BTN RE, A0 LR SRS 28 XT1 5 XT2.

DCO MpEIGBRARBHENEEHH, TUEREERTHERERR
HiEfT. B RS LR E AR, MCLK fl SMCLK H31{)#: 3| DCOCLK 4433,
RESELFE Y DCO MER B R AERIBHVLENBER, HiEF—NEEH DCO
EE. XHEFE T DCOCLK 2. RiENHAEFREREF R ENH

CPUOK 8CG1
Dco T4
*3 45 semnl | SELS
vee ] |
R{Enternal) Ranternal) Modulator Halt
Reel
0 1 2 SCGO ,{3
0 [ R
oc DELOCK
S o Genarater & oco
DCOR
36 DCOELE

Fig3-6 The Block Diagram of DCO

MSP430F149 HEAN I REHR 3 NEH4h: ACLK(32KHz)¥#3)5M&, MCLK

(4 XHME 500KHz~5MHz) ¥3l CPU RIMEFM—AAEBE 4 SMCLK, %114
SRR % . XPE, R 3 ANETERUE LFXT1, XT2 #1 DCO "] LA B gaithAl 3
AN A EBET 4 ACLK, MCLK, M1 SMCLK #fiE#:. Jeoh, EF NI RIEH 555028
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it 2 K - i S B=7 MSP430F149 B} Hl

AT LA 3 B BRIEAE 171, 1724 1/4/L0 %% 1/8 435 T oE AL R4 T LLEHE 3
N A EBE 8 ACLK, MCLK, 1 SMCLK # 4 — AME I AR FI B8R, 1X8K
KIEET REM R B

3.3.3. MSP40F149 B T{EHER

MSP430F49 1) TAEBLE LA sE 3 4 7 SRl R ThFEM & 2k . X R i2
ITEEM CPU FIREHATHRN. TRAGELTAHIERE, RE—AH
W Ak BT LU RIIE R 50 TR el (RiRMMRE A FHE 6nS) il
RETI $§4 X 0] LM 2473 [F12] o i 44 & A J 49 THERE K.

MSP430F149 B3tH 6 # T/ESK, HAP—FEFE THEEX AM, B 0F
R4 LPM 0~LPM 4, Fr X TAERA AT LLE T SCGO. SCG1. OscOff,
CPUOSF % IU/MEHILL A & KikHE .

R 1R) ) TAERE X R, A S Y () F AV #E fn B 3-7 BT

O vee=5v
O Vee=3v

LA

A LPM0 11 LA

LM

AR
Bl 3-7 A FEREEURT SR SR B L R
Fig3-7 Typical Current Consumption of Devices vs. Operating Modes

ST EMINEBSN CPU KIWEIRE, B EFELHRIFERA. &
E A RER IR BT, AR CAEA ME BT F RS FRYERN
AT R, A EFHRERERBEBANENRL.

3.3.4. 12 {3 A/D ¥5i03% ADC12

ADCI12 9 3% VGBI B 12000 7> P R A/DF: ¥4 . B2 i P48 IR 73, K10
P A MR IR . PRI RFFrBEE, BECRAEAIIA200K /AP HIFFER, A8
ANMERIEIE, 4NREEE, HPAI0ER A NEEARSTEMEBEH, RA
LHAENS S K, fJAMESAEE, WEH LSV, 25VHAFEHS % B R iE.
i B £ KAt 77 AT CE R, W SEIERAE, LAl BEE R ABAY
FEBRREHBFTHE RN SETE, URSHTHORERE, BEENFEER
TE 445 R 5 15 %I KA 7 3 . ADC12MEMO~ADC12MEMI1S B 3 {37748 5 38 1 f)
H 45 R, ADC12CTLO~ADCI2CTLIS/F IR @18 B 2 % U K ik# LUK T %
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E#AEE KA S =% MSP430F149 8 5 #Hl

EEE. ZHETERGREHT BERROBFHTH, KXTERHAIFH.

ADCI28 H B 45 #3 4n 3-8 B 7R

. aw HTH= 0
Vg, VREt
] Vaer ) Vopgr T ". on e
» Felgenca
RLAZTTAG 3 c RLX
reey T o oo
i - P
P18 ADCIICTIRA & ? T wcvon ~Tocrooes
Ps 322
PE 3AT arsiog Ve Vae ADC12CIK Drate by O—4——anix
PELM ssrpte 17346678 Of—4¢—mix
PesaE :2' Lo 2 DA amwDr TN SHT [ — ]
e L 8] Pz ALCIIOK
P5IAL w1 8
Lt 18 -~ ! I AD0 1250
Ly 3% Ot Tirvis A3l
—p 310 O . O—fa—Tmur BxOuD
[ e O—fe—Tma Bxoutt
= AN
I 13-t 5 AR | I | 0o
o ¥ [
ﬁ X DI AUCI2VEMD [ 201D com e
idn ADC MWL - Nyt x1 ]
péth RLCIVENE R &R
Dty AUCIIMEM2 -l AN &
2] ADL 1 ZVERS kel IR BT
Lo ADCIIMEUS -] A1 NG cash
T omcn ALCIDIENS ot IR oo
R PH4ER AL VNT ~{" Joc iy ]
~E5 s AL 1L WINE {2 E ]
s R NS o
D5 ADCLYENIG td AN il
siseh ALLIMEWT - acrann R
bisen AL IUERI2 o I AT AT (2> ]
ean ADLHRENEY e | 2D 1ICT N A
pISCh ADCHMEVIA - s =]
PISEN ADCIIMEMIS | ADCI2TTLAS N

16% 1208 e
A Wy deengtis 5D IZaNT)  ADC Mamory Conkd

B 3-8 ADCI2 HIZHtELE
Fig3-8 ADC12 Schematic

3.3.5. WHFEER

MSP430 (T8 {4 Fe ik 22 0] LA B — A
KEMA CPU B 16 pLAMEBEER, EHA
B% CPU WE 4. SH, B

BB ARE RO FRG, BB .
MRESHEANERT NG R, BHiH 1,
Tk R TEEA BSOS A . 14

BHEREBLRHRE: ERTHER T

(NPY). HHSEHRMPYS). EHS
HRIMAC). TTRAMRERMAET: 16 -
frx16 . 16 firx8 i1 8 fiIx16 fiL. 8 firL
x8 fif, WEfFIREEEE REMERWAE 3-9
Fi7Re

B39 EARERE BEMEZRE
Fig3-9 Connection of the Hardware
Multiplier Module to the Bus System
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Ll KM AW M=% MSP430F149 B} bl

TR B H BB ER N 16 L FFRM=AFBAARE RO FHR.
LB MEERE NN T FRNRIERYNEHE, 4B - MRERBAT
FRNFRIEEHITS, HERFBEWEHERZHER.

PIMRIES OP1 A1 OP2 B F & B A 7%, K+ OP1 ATLUA 3 MARIAH
HtVs e — & 74, ERARKIERE T ARMREEERT (BRSTRE.
RS RERFHFSHRM . REBZENLERUTHANTERT, 2HRER
740 A7 77 4% RESHI 14 RIEFAL % 728 RESLO. 4 R BH 7% SUMTEXT
PREFFS 16 fix16 MIREMFF S A RMEE KL RIEH .

3.3.6. Timer_A/ Timer_B

Timer_ A H—/* 16 AL H /M= F 743, Timer BH 7 MR/
tEB T rd. TSR IRt Eh IR T LLANSH SR8 TACLK (SSEL=0 B 3). AIEBHY
#¥8 ACLK (SSEL=1)8; SMCLK (SSEL=2)F#%#. WEhEaT A% 1, 2, 45 8
D WBRARFFRTUELIEFRAELEERFIEATERLEEAT.
R FER EFE . TRE R EFHERT RIS RIS & 8 F Sk S g 2 4
HES. EBRERXFEATAEFNEG e mRE kS imsES. 84
IR/ F AR EE MR, SR BT LB e, thrTLlE
LR ERAR .

3-10 MSP430F149 ] Timer A # 5 H &
Fig3-10 MSP430F149’s Timer_A Block Diagram

3.3.7. 1/0%0O

MSP430F149 & 6 4~ 8 L VO O: P1~P6. K, P1 f1 P2 [ 7 M4 HHE
2%, M P3. P4, P5. P6 HAMBIKPH 4 MEFIFFR. XL VO H O FH
FRWMAB BB EFR K RIFN:
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L SOE KR A8 SE=% MSP430F149 2 H#l

BB ) VO 3 O #R R ML w] 4RF2 ).
AUREMEA. BT EFRNAE.

P1 #1 P2 (¥ 8 A7 7T LAFE 4> SE IR AR ) P B

W LMER BT A RA X TR § 7 S8 AT 8 i i/ BRIk

3.3.8. ®/M15 (woT)

EI1ER S (WDT Timer) MEEDRELEFREHRNBIT - RE
MARRERZ). WREL TEREMNHE, WRAKZ . mRNAPAEELD)
fE, BARTLMEE SRUER 88, S E #E I B A 2 A P
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EERRER L FAR BUE BHERZERBRIT

FNE BHRZEBRERT

§4.1 WX RFEHBEH BRI

F RGNV EHE Printer DYEAESHED, NMA—FSTEF AD 5%
BRI E B AHER, W E—ATENRERFEHEE— N TEEROMEN, K
PREEEBRBRES BRERESY ZEXERINZORS . KRG R RE
EELE 41, XEREMONNERAEREORBHERE, BHTRENSHHM
HHARBINGE, FAREROGHESAAENENE 4-17 FE 4-18.

>
>
P

MR BT ay, Pl mwms ———p #% > S o0
R 22 A, LT > s P

=

IR A S a,, BT > o P
i >

wE [P BRE [¢

E 4-1 MRAGEHER

Fig4-1 The Frame of Measurement System

HRBRNFAFE _ECLERT X105 bk B EmKae, mikaERA wd
—Wa 5§ Wb—Wa JE 88K, XEXEVHNEENA. A/D RAREE ORMF
TLC2543, ARk 63Ks/S, FEFEN 8 A7 (1/256) BE 12 fir (1/4096), HH 11
AEED . WHHREATNEENBEEM=AMERSENEE, HABERT
it E. TERE, SEHE, BBESHER. ERERBBEERLH, 7]
Wi RARITRRE, YRERMEEESREEEESREN, RESLEaIHA
BRP, FETENEERE, SHREERTLAE 42, bTFRAKDFERT—
—(EIRER ARG REANERE, KUY 5 St —BaT LA 30 /M.
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LHAGE K F WL F i SR B RG AR

B 4-2 PR GEENR L AR St
Fig4-2 The PCB Design of Measurement System

4.1.1 BERE

UIC513 #RAER X RBN1E S RSB E IR Y T —F k. SRl sEs ¥
FIALIER:, CARVUIBEIEB LR War Wo, Weo Wy |

Hor W, B T C A B AR 2R

Wy — W, B T HIAR R BT Z [ B AL s

We—W, A THHEY X [HiELE:

Wo—W, T HItR XY RERTER Y [miEstE.

F B E AR 6 B8 A Z MK T 2£0.5dB, EARFRITHT LRI A ZE
MFE1dB, FREREH L —ERFERATIELH K, BANT 12 dB/fEHFE.

AR ERIE R B ARBAT TRRANNTT, AR FEARMKM 5
ARFER T 98 R L TT 5 I R v

RS AS H— > PN BRE N AR+ IR KU aR4 & k.
HTEEEAE, AT AGZIRG S, NHRERENS. A BHHEER
HER R R I AR B K, AHARAT AN ZHragmAeR. WXt
Wa—Wb i Bh AL A BRIE S A%, KA T Al 4-3 945H4.

161 >

€
@ oz > )7\], > {3

B 4-3 Z mAERBREER
Fig4-3 The Frame of Physiology Filter of Z
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LR FR A F R BT BHASEHRRET

HIES iR BT A 4-4 RoR:

f&iE 1 i&iﬁ 2
A

D\,

e

and

—.
s

M 44  EHEAIREEEEE
Fig4-4 The Frame of Filter Theory

BATHHME B LE 4-5, B RC RIFERMEX _HHE LPF, iXFEH RC
RERSEER “HBER”, A “Sallen and key FEIEE". HIFHRETE T
f. X582 — M LPF 45X S b 12dB 452, 7 f.METFES IR BPF /) Q

FRRFTHREHIRE . AR 4-1 RpAGH R 5L

2
G o ,

T (s) = -

4 2
s? o+ ° s + @ ,

Y
Gow,’

[0 - (2 - —Q‘—z)wozw’ +0,'14

I T(jo)l=

@) =g "2+ 40" 1]-1g” 20—~ 40" 1) @-

(@)= @ 20

(Co

2Qsin*® sin 20 -

1)

2)

3)

4
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LETERFERLEMIEX BE B RERB T

Hep G=(0+R,/R,) 4—5)

VR.R,C\C,

T C,(R, +R,)+(1-G)R,C,

o, =1/\/R.R,C.C, = 21f. @7

B AT A RC EHE & B FE M AR REE Q E, HELHRBHA
& BRRAERKE, BAT SR R R R R B e 88

| Lca
|A]

Q

4-6)

R1 R2

VVVV Vout

MW
Ra
R1=R2=R

4-5 SR P {REIE R Rk
Fig4-5 The Typical Second Order LPF Circuit

#® G=1. RI=R2=R, HiItES¥H

MREE: Q=0.5%(Ci/Cy)™

YRR f=[2 7 R(C*C)"™*]!

BMARRE: K=-Ry/R,

ATBREBFEHREAFTARTFERERETAR . EHIABRKHIFERE, RA
“EFFKZ” (Butterworth) FHIEIEH: 28, 3 QH7E 0.71 ZA. UIC513 pRAEXS

ENMBEBERE TR Q f KEX, AREK4-1:

R 4-1 UIC513 frMExs & MEYE 2K
Table4-1 The Requirements of Filters in UIC513

AR 2R 3 % 76 [ VAR £ B0 - TH 2 201
f, f, f3 fa fs fs K
@ | | Y e |6 e || €| @ | @
W, 0.4 100 | 0.71
W, 0.4 100 | 0.71 16 16 2.5 4 0.63 0.8 0.8] 0.4
W, 0.4 100 ] 0.71 8 8 1063 | —]| —] 1.0
Wy 0.4 1001 0.71 2 2 _)—]063}—og——1]1.0




RO R AR

FNE BHAARRRH

R 4-2 & UIC513 ruESR i A9UE T fh 200 B oK -
#42 BEBEUSRE

Table4-2 The Linear Parameters of Filters

gxnm R | 0 +1dB +0.5dB +1dB ~00
ik ') Q'f~27"7t) €~ @13 ,21,) @2,
EHTM 0~02 | 02~032 | 04~16 |20.16~100] 2200
(Wa-Wb)
7K 75 1)
RS 002 | 02~032 | o04~2 [2.52~100 >200
YA H [
(Wa_We) 0-02 | 02~032 | o04~8 |10.08~100] =200

R, TRRUERELHIZ UICS13 REMSPR#TERESB T, MK
BARKRHRE . EEFERR VMRS RIREIEN & JEL R th &8 hn
BB AR R K. TE AN BAARBK AR T T RABOHR, T
BT BN TS B RNIT BB R IEW, WET Woo Wo—Wa W—W, Ml
W W, MR BRI, FREEBHE UICS13 BRERKEH ML, iR

ZRonmih LA 4-6. B 4-7. B 4-8 F1E 4-9 FiR:
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Fig4-9 Wd-Wa Frequency Simulation Curve
A EZREH, RAZMERERAEEH, aJLIHR UIC513 fRMEMEX,
HitB4REHT SSD-J-1 MR, WBT REFMHE.

4.1.2 BREEERAYS

BEEERARAEFMREANT BEEKES, EHAEHY KRB THMHHER G0
UK REK 4R E, BTRNTOEGERERA 5V RS, FURA
TPS7250 $2/E38, RAHKRIUAE 4-10. B TFEM—K LDO 2 ERMHLLFHF
FEREEZBENBEBRR (ERBEHBERA 100mA NEAEEHRERN 85mV,
BARRBEAMEA 0.50A (T=25C) ) « UM ILER/PMRILEENR A, B
BEHwat.

AT R KEK RSBt ,
THeHr, BIVERIMIEISE

TPS7250 B — A HIFR =
SEMzhee, EE 2 M PG, B 4-10 BHERAR BB

BCEEE (SOIC) HERES
TRBAEAMERRZRBE
CHTFREMBEERTE Fig4-10 The Circuit of Power System
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LHESE K F LR ARIL FNE BHERGEHBRT

HIIEME (95%), ATAIT LB A e BBk KERIhEE.
4.1.3 NIERERLK

EHRERERZEPERH LR AGOEN, REGHEMGESFEST AD
BHEARITERELR, ENEEEEEERERETENSGR. Bl
BUOMHARE, FEHR. WESR. BWEE. NESEH, RPBXKEBLE
¥:28 (SAR) MHS 2. BRITRAK A/D SHZ TLC2543, B 12 fLFFKH
BERBEEEELR, REREAARNE. BREEFFREWTHTHAE
Rz B e s, AHRIEREMR, MAHENRAEIIFEmMNL, HErT
MAEMNLE#MEZLTHENTEEA . ERRBELEHD, BRBAESHZE
KA SR E5E E RN EHHBIEE$RE (DAC) AR ELHLLE, &
FEAT BRI GE 55 DAC 3B T X ERE i M TR FFih, it fg
EHBA (MSB) #E/RK 1, TMHAMEKERO0, HRIMAL DAC FEEIK,
W MSB #EAH 0, HMARFSHRNSZ— DAC BERMTHE, KT
MSBIIF—ALN 1, RZH 0; ERIMMAFSH DAC ¥ BE K, M MSB REF
Y, MESNSZ=BREEE, WRERRA LRLEMR, HEREMNS
5THH.

BEANERE AD EHBORERE, TERRETHLNEEMRER, X4
EHBMRILE. BEFHETRE.

1. SHE ADBRENSPERVTRESHBRPIIBRLESHES. B
EAMHAZHEIERBRR, MEEE, BURER/D, MRS, BREA
BLEAL Vi, BEAEBCHIERRGLA Vi, FRIFMAECH 0, N

2" 2V, /AV, (“4-%)

UICS513 #R¥EFHLE T B/N2 B2 AL 0.03m/s?, B AHBTEHE N 50 m/s?, R
RSB RANBEE N 50 n/s?, B/HMHEN 0.025 m/s?, BilitEBHE
WIS EE DK 4000, BIFEE 12bit M5 #Hae (22=4094).,

2. HE BTHELERMNERIRUNEERE, FIUERNEEELRE
MEFREFRES, ITETLE, EFERMI S TLE. BERREFESR
FPEURBHERELRZLL, MBFRERHAZHIHRERRER . —HK
ERHEHBEBOELBRENEFREMNKDMAR—MEL, MEKREHN
XEREMN BINE. WERSET, HENFHERN 100 nvs?,, HEEHRSE 1bit
Mgz, MB/MrHEY 0.0244 m/s?, RF 0.03 m/s® HER,

3. HEE HEEEATR—RERTAMKERERR, BN RERIE
S MAFF 6 E 3 3R 13 BIRS E B0 B0 R 1k B3 B [ o 45k A B ] SRR
RERMNERRK. FRERTHIRRERTERE 7T MNEERNEE, BIEREE
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LS KW 4 R 3 FNE BHRERBIT

BATBRRAAR, KEANHELARTREFTREGSHERMENH
%, FrUURAISREERLAKT 400sps BAE, LKA 7 AN EERHREFRLE
AD #HBHIFHBEBE R DR 7X400=2800sps, WRER=ANFFHFALH R
KEREE, MEREBRERN 8400sps, BIER KT 10ksps BIEE B E 0 LLH
R ESR, TRANIRAN TLC2543 RELMBARAEE R N 66Ksps, HEEm
N7 ImA (BB, HET RITKHEERENEXK.

il E. TLC2543 HF=AMEHIEAMG: F & (/CS), A /4 B4 (VO CLOCK)
P B sbhik i A\ 3% (DATA INPUT), ®JLUEIE—AN$B4TH 3 Akt Ea4 %
EHSMEM ST OB BT SENHEENEHNERENS, EEE— 1A
PIFY 14 3838 2 25 28 B LAKEFE 11 M n

) R | TLC2543
HWAR 3 MABEMR (selftest) < | =
BEPHEA—N TEAREIR | g, \'n .
F-REFTHRE . ERBRARE, “H MAN——ANW—
LH” (EOC) MR L s | 1 MA;l )
Belf) e HAVER SPLEO TR | I SopF MAX
!

Y8R, ERTLUK TLC2543 ML

B AR KBRS, |

V=i A 5 AO-A10H % A i

HBEEED. HTRETHR. V=45 BB B
SHRATET U TLC2543 i Ri= WK
AT RMAEBRAL, TH% A

ek LB 4-11, 7€ 1/2LSB ¥

DA 0 763 Vs ol 411 SEESRREGI@A B
Fig4-11 Equivalent Input Circuit Including the

W Driving Source

Ve=V, (1= e /e -9
xoF R =R, +r, 1)
12LSB A B|H B L R TG
V.(A/2LSB )=V, 6 -(V,/8192 ) @)
¥ 4-11 AR 4-9 FAEH . T

V.! - (V_' /8192 ) = Vs(l - e_‘c/R;C;) (4_12)
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LR K4 AR SENE B RARRRT

t.(1/2LSB )= R,xC,xIn(8192) @—13)
FELE R (H I A TARIUE S BRI (8] .«
t,(1/2LSB) = (R, +1KQ)x60pF xIn(8192) (@4—14)

XA LD T AD B BB IR ).
4.1.4 6PS

BHTHRRETEMNMTRIVENALE . FEEMTIBRTHE, HRER
Zih 5% E GARMIN A FAHFHIE GPS12C, MBI AR M ER. shAMk
BELF, DUERMLRER. KRR, BHE, FRERBHRIMBTRER. WA
IR E AL, WREBSHHRES . REEA. THEZIEAR/, ThEE, U
W Bt AT IESE TAE 20 /MR L. RIAERATTLLERFIET R IR R, &4
K. EENER, A5 BNSTREKE, REPAERENEE DR 4-3 Fir.

43 GPS REMBER
Table4-3 The Data Table Sampled with GPS

THE  FE| HE B 7 (N SEEM_FEKmm, P
1 11 10:42:00 31.07907; _ 121.27178 102 32.9]
- 2| 10:43:00]___ 31.06947] 121.27178 103 34,6,
- 3[10:44:00]  31.0531] 121.27178 102 35,5
- 4| 10:45:00 31.04642! 121.27178 102 37.6
- 5| 10:46:00 31.04021 121.27178 102 39j
- 6/ 10:47:00,  31.03572] 121.27178 102 41.2!
2 1| 10:48:00]___31.03004] _121.27178 102 43;
ot 2, 10:49:00 31.02214] 121.26926 99.6 44:
- 3} 10:50:00 31.01674; 121.26556 102 46.3
- 4 10:51:00; __31.010131] 121.26121 99 47
- 5/ 10:52:00] __ 31.00332] _121.25498 49.6 49.6)
- 6/ 10:53:00_ _ 31.00006 121.24638 50.7 50.9]
3 1/10:54:00 31.00048, 121.21739 52.9 51.9
- 2] 10:55:00]  31.00085] 121.21432 8.7 52.3
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LSOl K AT 3 ST MRS LRRT

§ 4.2 JXRITE A B BRI

MRIBBRBE I TSR, 2 RA MR R R R EEA LA L A B g8 B A B L
R A B IT RS B RS BRI MR, SRR AR K (8 sk W 2
K, %&F TI A7 BH#EHAREE SHAFRE MSP430F149 fE R T/, K
ROLENANETSENE, AENRERITS LA 4-12.

| B8

[#maa | {rasEman|— VSPOIFY

BRI

I’Cc
E’PROM| LCD

A 4-12 LR HaHER
Figd-12 The Frame of Measurement Equipment

ZRGHSE bR R BTN ] 4-13, MBI LA HBATR A R o asE K4
ARG R A, X RKITE T A U R i R s vk T, ik 20 MARI B 14,
HFEBHH ITAG # 0, AL AP TEREHRME.

4.2.1 BRR%

EHERINEENBT R
FAOK 58 o B VT RO VB R
B, XERANRA T EHIEE
Tt TLCO4, B & S EH
5 g 3 o S B SE B R 7D
VK, i 0 5 T R A T
BEARTR, BRI R
{8, +5i&E A E R T
K. TENRCEESEH
%, XERATRA 4060, R
FH 43 56 AR 52 B R /) 460 B
K.

Bl 4-13 BUASKASC R 2 B AR B vt 1
Fig4-2 The PCB Design of Measurement Equipment
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4.2.2 EibBE

HTFRERITHRA SV L HFEHENAREE, A TERENESHE
RAERFA R 2.5V, BAUER 2.5V B4 B IE1E H ik s BR 30 A RS S p e
Hi. LZZAELEBAMEAT TLE2425 ¥E B4 8. BT TLE2425 RiLMIhEE
KEBEERBERREER TS ERARERBBMER b, B RESN B
JIRMLL, £/ TLE2425 FTLMIE S HahARE, REE®RET, RRAE,
WEFESHEE, FEASM ADC & DAC #0., HHEXE T UMABEHN
PN R ERRENE, BRTHEERAE, BEttaEd®s sv i
gf 12 OB EK,

423 BRREERE

HTHRASERHARAERRANIS, FFUFEE 33V H SV HAGEE,
AN ADP1073 DC-DC B R A AR E M, MR 5 St (1.6V~3.2V)
e IRBIAE N SV BE, FNA TPS7233 Bk ks 5V MERE 3.3V HIE,
ZHBRSHTE R REWTE, 2 W 5 SRt HE L LCD. % 80mA
FI/NRERTELE TE 8 MEFLA L, B4kt apk RE 4-14 FiR.

Refuin s J-J

héad o R I

+ S 3 -
13T Yo gn—

o P
[

4-14 3.3V FI 5V HLY5 K1 FH L g
Fig4-14 The Circuit of 3.3V and 5V Power System

4.2.4 A/DO

FRETERMAGESRAZFELENES . RIVENT EAK VO O P6
AEXN AD FEHMAEE. BRERSDESHUBRET —RONBRFE=
A A/D EENT, EEFBIREHLAE (BERE. BAESRES 5
VRFEN, RIVFRT 84 ADEE, LHEEAFHBEATE,
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4.2.5 REFLCD

MIFHREHEXRAWEBEARIS, CERBHEKER, 590,
REFE. B, AR, R, BERMNIEZRLERET LCD ExRiE0.
AR4H LCD ERBRABEHAMAENBRASHHmF. P P5.0~P5.7 A
P4.0~P4.3 M B FFF B LCD 7798 O . AT LU 2 3.3V £4T LCD sk A,
F5h 1 PS.0~P5.7 1 P4.0~4.5 #IA T M ERERED ., XHEMEOTLUHL
HAT KZ ¥ LCD MBEEEXK.

BATERAE KL KA ERFRR LCD, K2 & 4HHEM _ EWE T
RESRFIRA, BAFTRANRE 16X4 KB RE RS, EREUEMEITTER
PURSF AR KB IR 5V RE, MEEETFHEANERE, BRGNS
BoREE, FEREM ERIET 5V RGM 3.3V RELAFH R, WF 44 FA[LLE
HFFFA LCD 5 MSP439F149 M EZ AR EEEFERANER, XFHEFH
ERBEEEZWE LCD XA R HIES KW, R &K LCD ki & /& 85
i MSP439F149 FifE AR B R HBIE, XithF AT iR, B8
EEE (WA 4-15) RABRRIRAE %,

& 4-4 MSP430 5 LCD HE/IXTEL
—f& LCD MIEshRRRAKAL Table4-4 The Contrast of Level between

it 130 A, BTLUE 1800 P MSP430 and LCD
THETRBEMTES) LCD, [ Vee MIN MAX | UNIT
AR T R EE, fHEEL Vou| 24 ~ 3.0

3.6V AL “HRERE MSP439F149 | MOT430| 3.0 Vol 0~ 06 v
WMOMAXNBEARBILRRB Vi | 22 ~ 5.0

i, EIT HANB LD eaps | LOD | S0 === Y

¥, %27 LCD BiKHEFHEX,
#LEE P F| Fl MSP430F149 f] P4.4. P4.5. P4.6 f4 LCD H E. R/'W. RS K%
£, P5S O{EX LCD $EL. H THARZREERERETNERT S, BEY
A [ 6 o R4 = A A DL RN A R B T, BT AR T S AR 4 B R
AR, BIRAE . BERERAT L B3 E Mm% %A TFUR S A a
/. MSP430F149 R T A ¥4 DCO % SR LIRSt THE4EMS, BHEHA
SRR SPEE D, 4RI EREN R, XA RAN A RBEERME TARK
RELESE, RNERKERITFHHEM 32.768KHz FRERE (T LME M
AR T AR IE A A FARE DCO) 1 4.096M &3 (H] LAVE X R4 47
).
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4-15 LCD BIRRELPF i it
Figd-15 Circuit of the LCD Display System

4.2.6 EEPROM

B4R MSP430F149 B S RH T A AR R i — LR, ERHAFMHA
BEREMRKA (RAM=2K, ROM=60K B EEFRBEI;D), MENIE—KMKXF
A EEFIETR R RE, EECRNOEEERK, Bl RIIRASMET 7 ROM
fHALUAFIER. T EEPROM (RAIBEFi4%8) RARFERAZTIELE
P — e EES B RR RS LA B X IR G RE T RMEB AT, BrEA
WAEAZRZLHEIANT 4 4 EEPROM, ALY BARZHIFHE.

AR LR T 256K 7 I’C 547 EEPROM-CAT24WC256, EREEH 32768
ANEH, SRR CMOS ¥R, MiTwd T RH4HMIhFE, F5t CAT24WC256 i&
A 64 FHIWTAEE NS, ZBRMHET PC BREDMTRIE. EXRET,
4 4~ EEPROM #BI58EHLE P3.0~P3.3 OMESE, HFATUNRZKHHEA
X1243 FEER G A

4.2.7 R%RIHH

KT FERMER R C R IR 8, KREPRAT Xicor i X1243 E A RS
BT eh. X1243 RENH/HHAFHEANRE RE) BLrntsh. MmO
REFFRRIEN S E A R SRR BN R TE. H4EhHTLEEL—
A FFFRIATIHIAEN . T B AERAR 32.768KHZ K&k, 2 MM
R 2 AN R AR RTC MRS M3 (nE 4-16), U8, 4. . B, £
#. BREN AL IREERE . FFRAEHERIEWRE, X Y2K HER/NT 31 K
8 8 B3EITIRE. X1243 B A% 2K F¥H EEPROM BFl, B LAFFAECRRAT



LEBTBRFERLFALR L EE BRI RBRI

BRSSO, B RS & AR, KNI RaE k.

27866V

" |

Vee
£ < 1oMn WLt

X1

X2 Vucn——:l_
22060 Vsl 3 _—j

4-16 KT BhiR 3% I 48 R e i

Fig4-16 The Real Time Clock Crystal Net and Power Connection

4.2.8 BITEE

ZRIERSEA T REEEEUNEEARIIPCH L FEREHITLE,
ARERE THANSHNMEFED: RS232-171RS232-2. XFHAMEOE T
MAX3232# At i 5MSP4304Hi%

MAX232 & —F A B 35/ B, FNEF— N B RERER, LUE
e85V g PR A B BT R BLEIA/TIA-232-E#LF . F AN B IAS W EIA/TIA-232-EH SE 5
AEH5V TTL/ICMOSHLF . 288 LA 1.3V SR IR 0.5V L ELR ¥,
T E AT DA £ 30V . BANIEZN B TTL/ICMOSHIA L P46 4
EIA/TIA-232-EBLF, B3 FMSP430F14923V L84, BT 76 4 i % ok B F
RS HMAX323EA LR, HTERBMHER T EMAX232—3.

4.2.9 JTAG

JATG ORATFMBEANFBEAGEHITFHNEFN. EXAMERSE, MSP430
i 54~57 BIFI{E JITAG OAEE.
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LR KFER L 08 BRE KGR

FHE K&

§5.1 AR REORE R

5.1.1 REREE

IR UIC513 inEFIRE, XHREME SHATREMLE, B 5-1 fE 5-3
R RGN ERGR T RENLELRORGREER. WEFRTE DOS FE
THEM, SBLNMETESTERE RENBIE L Excel K HEALE
REFZIER b, Dt —PREIRLE.

b I AR S AN &i%%ﬁfﬁl

) 2 3C £ . u’:’.ﬂ%ﬂﬁﬁ{ﬂ

%ﬁ&ﬂﬁ&@!&ﬁ BEHES

vf#ﬁﬁlﬁ?ﬁﬂ B 7~ 3 BT b &R

‘ B My 3 ?

7®’ 7 B\

<:>

B 5-1 MRAREKATHRER
Fig5-1 Software Flow Diagram of the Measurement System
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LR K A R X ERE KAdtH

HP SRR ENBI>EERFDT:
IR B R E AT RE W EE
If CHANNEL = PREVCHANNEL Then GoTo 1170 /MR XRiBE S Lk
IIAFIHE, B — K E

PREVCHANNEL = CHANNEL /3%, BkE) 1280, AT
IEHEERE R EER

NEWFLAG =1 NG, TEBEE] 1190,
T HRERERNRE

IfNEWFLAG = 1 Then GoSub 1280

1170 GoSub 1190
Return

IRRIEES, BEEHRE
1190 REF = INP(Port + 1) And &H80
If REF <=0 Then GoTo 1230
LOCATE 13, 5: Print "WARNING : CHANGE BATTER !!!"

1230 ForI=1To 10
Rem CHECK EOC
X =INP(Port + 1) And &HS8 /W EOC, REHibzh
If X > 0 Then GoTo 1280
Next
Z(LOOP, CHANNEL) = -1: Return
1280 Z(LOOP, CHANNEL) =0
ForI=1 To RESOLUTION
If1<=4ThenX=22(4-)Else X=0

X = CHANNEL And X //T8) DIN O\ T — R EREIE
/Il (4 67 D7-D4)
IfX>0ThenY=4ElseY=0 //# % CHANNEL KIS LLET AR 1,

/1% 2 Mt DIN O 1
OUT Port, PV +Y
Z(LOOP, CHANNEL) = Z(LOOP, CHANNEL) * 2
X = INP(Port + 1) And &H10
If X > 0 Then Z(LOOPC, CHANNEL) = Z(LOOP, CHANNEL) + 1
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L 3B KM F AR X BEE SR

I M E S
OUT Port, PV+Y +2
OUT Port, PV+Y
Next
Return
IR HA
1420 Rem OUTSIZE
1430 LOOPCOUNT =0:S1=0:S2=0
Erase Z, AD1, AD2
Return

S MARKHBIERE. 168, HRUUKIRRE UICS13 P FEREN
SR E S ERTEE, HUL Exel U AFMETETRE AL BRI HHLEE
b, TEAUSHEELSENREE, URASREMTMSIEREIERETT
R B HE

5.1.2 HiEahE

REESLETRERR. BIRREREURFER T HEFE RFEIHEN
WEES b, EEBTHEE UICS13 FRET MR REERMER, HNEFT
S T E B 0 R ST E B, B R BRI M B E R E R SR AT
RERHEZXBARSERFER A E.

KBEMORHARBENTRESNN, MAERNRSBERLLBRK, &3)
BREEAE 3Hz LVF, BrLAESR 5 2o 8] G P i nid B v AU 75 ARMEAE
IEERERAE, HTRIEFER. AR RANER RS, HRitEhmE
5-2. :

mape |90 | wmpmiw | a”©)] ap | a°(A)| w3 % HaEs | a”
s P mas P s P ue [Pz —

B 5-2 Bl —-HFRAETE
Fig5-2 Analog-Digital Mixed Method

EEP: 1 i=IxN
a,” = \/F Y [a”(iAt)?] (s=1)

i=(/-1)xN +1

i=1,2,3....
=1,2,...N
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ARz R R, KETBRE

(¥R B0 4F & B 2 s D A A M 3
R E R B AN RATFT B RSN EFE

B X4 5 B RSB AT I S B BT

B3, REDAEFARBR, RE o % % 4L B 0S4
UICS13 #rEF M ER LB ETY S +

5 SMEhHRIEE B AT B ] 60 M !

R U R B RE R EE

MK R T, ST By | NERBA, BSKERARXLR
B ZERARE AR 60 M v

A BEETE 95U L MM, XK RUEANGEERN
REER 0 B BOR 0 T B L9 ACK B v

BEAE i FBAEE B0 fENRE g

Sk 8 T A e L S B AFE KT

BiEAEEFNRERNE 5-3 Fi,

REERREFF:
ForJ=0To 58 5-3 BiELERARER
Fork=(J+1)To 59 Fig5-3 Software Flow Diagram of the Data Processing

Fay’ () <an” k) ThenX=ax" (I): Y=an" k):an" ) =Y:ax" (k) =X
Next

Next

Write #2, ay" (56)

§5.2 MRAMLAYKEEIT

5.2.1 BESABM L LR
B

BB (KB EFRNRERNTEETMER) EFRFRHERTIT R H SSD-J-2 $ik
HEFEENBRIET MSP430F149 A OH=ZLIRSNMEBERSTL, AELE
F. 4. BIGRSINAERIERSE, AT ABNREXAERIERSOREE, 7
Fi% 8 A HLE—A PWM $i i snic L TR RC ¥, ERMMZFTHRTERE
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~
-
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_/_\/__' EHBA e PWM 3

B 54 £FEWARRRESHE
Fig5-4 The Block Diagram of the Physiology Filter Self-test System

B PR R T R
R.F MSP430F149 #4T#&it, HETOER, FERBEREERRTKE T
BARHIKERE, BETE 16 A1, MERRTREFARITEZROKRD. REHE
PARERLIE 5% R B I - MiZiE R BT IR TR N % F E R TRE &
— b, XFE Bk T UE S BIIE L S 5 IS E B M BT LARRR, B4
W 5-5.

v“
r 3
—SPAI0EIANPN .
ov..
AV,
R1=2K R2= 14
] peman A N
32788Mz '=3_c Clin 4uF == S c2 =200pF
XOUT/TCLK
-

DV
AV

-

B 5-5 B kAR EEE
Fig5-5 Circuit Diagram of the Wave Generator

/g gy
BB R EB/OKMA P, FENARTUTIUAthEeER: B

Timer B 5Ei2%. Timer A ERT3%. CPU FHER. AAMEFEHRH RIRUE XT1
EIh#EHR 7%, HEEFREMWE 5-6:
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oo#nmik, RENMHRE

v

BERERHER L&

h

BEDCOSME M b 3

&,
* ‘ o EMEZRMER Yes

# B Timer_Bf* 4 PWM

f CCRI1® A ¥ &

. BEEH?
REEXRWHES K Timer. B ‘

; CCIFGO™ I No

EAEDERR < 157 & [E

B 5-6 BERERKGREE
Fig5-6 Software Flow Diagram of the Wave Generator

1. F&E DCO HiFktith

DCO i L R—4*RC #&#2%, FrLlRE RC TG BIIFHR, ZENATHERS
RGN FESRENREMNESR LORESH, BHTERRFEHNORYS
2, LA — A EMMMERERN AR 32768Hz FRBIRKITRAE, H
T MSP430F149 RN EHBMA M F1ZE, FrURFETRMA#T “ KPR KU
DCO {# DCO iEBHHMME, X+H4EE.

BT
Setup TA mov
Setup_CC2 mov

bis
Test DCO bit

jz
bic

#TASSEL1+TACLR,&TACTL ;% & TA K4 SMCLK
#CCISO+CMO0+CAP,&CCTL2 ;% E CCR2, BWIAE 5

;ACLK, 3R
#MC1,&TACTL ;E Timer A: ELEHR
#CCIFG,&CCTL2 SRR IRAR AL

Test_ DCO
#CCIFG&CCTL2 TEBRREAL
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AdjiDCO mov &CCR2,R14 ;R14=F3k ) SMCLK &
sub  RI5RI14 ;R14=1#3K SMCLK =1
mov &CCR2,R15 ;R15=E &M@ IKK SMCLK E
cmp #Delta,R14 ;Delta=SMCLK/ACLK
jlo IncDCO
jeq DoneFLL

DecDCO decb &DCOCTL ;IA¥ DCO
jmp  Test DCO

IncDCO  inc.b &DCOCTL
jmp Test DCO

DoneFLL cIr &CCTL2 &1k CCR2
clr &TACTL %1k Timer A

2. 4 PWM i Timer B H¥if2 /%

BEEZENAERFTELTRREESRLMNME, AARKMFEN LA
ANER, ATURERE, #—PHREZROKRD: MR DEKEH—IE
S ) PR S 1) s S AT AR A, RIEKIR A WIPAT T 18], 270 S+ JA) 4 e 1
57 41 AT AR F o b b BB FE B B IE 5X R B VAR R A U T RS
SEE, RERENASKETY, XEXAMERE M.

BFmTF: 4
TB ISR inc R11 ;R11, R12 BFHEFE IEZERN
cmp  RILRI2 E, BIREMIEEER
jne RT .
incd RIS JnEEr R15, fEMIESZRET—
MEZE
and  #Number,R15 ;Number=]IE 5% R K/p*2
mov  Sine _Tab(R15),&TBCCR1 ;Sine_Tab b IF3%ZEKI54,
;TBCCR1 BAFHE
RT reti

BAEFRHEEOE 5-7 BiR:
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Fig5-7 Output Wave Signals

5.2.2 RERRBWE

ZRF|HATH P B ERNAERE, BRIVREERE B 7R E
R E RERPHANHERZEOR RN, & T =AM RS inEsk
TR P ERAER. B TFAEESERECRBIELRE, FTUCKRAZE
MERE, EHFHFEENEFE, ZEFHEEHMAMPDEER, AR
FERITTIRTHEE: SHEE (SET). Jik (MS). XHEF (FILE) M
@R (COMD. HApEaThRe b A, LR, mMHsheREL
AT R . TERiEARTTLUES AR 6. NBRIR B8 ThRE#EAT ¥
KRS MEEABROBNHITES), LB Z AR BINERE, FRHEAD)
feRE, BELTIREREE, LERtAEHEUSEFEFSLE 5-8, BT
MAEHFHEHIDFE, hTFRERS, XBSHEFRER 5-9.

———YS

Kl 5-8 BoRFE
Fig5-8 Display Interface
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Mot S BN T e JUATS'S BEE SR

XARE
Welcome to SSD-J-2

ER4E-1RE
™ SET MS FILE COM

EXE-20E
SET MS FILE COM

I¥L-3RE
SET MS FILE COM

ERE-4FW
SET MS FILE COM

5-9 R\ —LCD R AREKM-HAEE
Fig5-9 Software Flow Diagram of the Keys-LCD Display System

5.2.3 MD ¥R

FEFRLBEMARERN A/D HHFF. ©ANEE A0~AS FIREEIE I}
WEFMAFFERI~RIP. EREER, ERBASSEREHTHR, #T
B, REBAIREMST, TLUE “jmp Mainloop” &b BE H AT,
HEGEREEAS LA 5-10,

SetupADC12:
mov #SHP+ADC12SSEL_2+CONSEQ_1,&ADCI12CTL1
v RARFEEN 28, ADC BH40h MLCK, RAFFEIEH H
mov.b  #00h,&ADCI2MCTLO ; ifiii A0, Vref+ =AVcc, Vref- =AVss
movb  #01h,&ADCI2MCTL1 ; i@i# Al, Vref+ =AVcc, Vref- =AVss
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LSl KE L EAE BRE BA4RH

movb #02h,&ADCI12MCTL2 ; ifiif A2, Vref+ =AVcc, Vref- =AVss

oooooo

bis.b  #03h,&P6SEL : WE Port6.0, 6.1, 6.2 % ADC Thfe
mov  #REFON+ADCI120N+MSH+ENC,&ADCI2CTLO ; FHERfE] x1,
bis #ENC,&ADC12CTLO : ¥ ENC Bfr

Mainloop
bis #ADC12SC,&ADCI2CTLO  ; Fi4 A/D 4

testEOC

bit #BITO+BIT1+BIT2+BIT3+BIT4+BIT5+BIT6+BIT7,&ADC12IFG
s HERE R (ADC12IFG=17)

jz testEOC

mov  &ADCI2MEMO,R4 y BMBRERTFARY,
mov  &ADCI12MEMI,RS s BHRERBFEARS,
mov  &ADCI2MEM2,R6 » BB RFARS,

...... ; FHBFRIREA
jmp  Mainloop

CONSEQ=1

ADCIZON =1
ENC 7 &

x = C3tartddd
Wait for Enable
SHS =0

and ENC = §

ENC = 4

and
ADCI2SC =4
SAMPCON =
SAMPCON= 1

EOSx=1

Sampie, Input
Channel Definzd in

ADC 12MCTLx Kx<iSthenx=x+1

¥x<iSthenx=x+1

élsex=0 dsex =0
SAMPCON =§_
<12 x ADCI12CLK
MEC =1
and‘ Cenvert. Lise MSC=0
SHP =1 12 x ADC12CLK
and

EOSx=0

Cometsion
Completsd,
Resull Siored Into
ADC12IMEMx,
ADC1ZIFG.xis Sat

B 5-10 ZEEFIIRERFEAE
Fig5-10 Repeat-Sequence-of-Channels Mode
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FEE KHRIT

5.2 4 FFEETHRETR

218 A/D HBFEF R REZNE S5
EHEFERD, T—OREMNHHITER, K
HEFEE A5 . MSP430 1Rt T —ANThik
fRIRM FFP 7 S, HESREEHE IRk,
RN ARASARNMER. HARINE
BRIEFREMARBIGERSS, KRG EA
HepmmiE, Rk, FHUARFFIhEEKRE
FEEE, AAALSRiENEY.
EEMERERAAZRENRR, ERELA
HREFFR, XREAABFZHENES
AN FFRATRTRE, EHERERZ
GRS R .

WEHGEEEZE, RINFEED
LCD 84 R B/R R, X i A1 E i it
AR RERLR. BT HEB N ERE
RUCHBIRSUERFETRTRP, 5%
KA AEAEANEE, BHEARNE
{E¥ %% BCD 14, Bf5#il5 LCD #/E
RIXT L R R, FAZHERLE 5-11,

A/D¥ B J5
B 3 38

RPUFERAE

v

WHETAEFFP, 78 &
i -7

w3 H & B H ¥
K 2

]
# 5

<« TH |4—

BWBAEANTEEMEE
4. 2 BCDHG

v

MHELCDSREXE R #H M

v

BKAFHFEBAE

Fig5-11 Software Flow Diagram of the
Comfort Evaluating Display System

5-11 SFERE G BR R R TAE
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L# S0 KR #6018 BARE MARR. A RITR

ERE ARARE. SRR

¥ E PRk R B 8 UIC513 HARARUE
(kB A i B IR Bh AT IS R VR HEU))
EEE—mE, b (28) —BUBBAREFEN LK

AKX R

g UIC513 ERFArMEMER, FIA LETEKFEM LIRS T AR
RESIERAEFEHWBRLE, WETT LEZEREBEK “FELS” RE5|
£, FBEZRULHURZEZRUNKRESIFE “5064” 1 “T137” #ATHRSHWE,
SRR 4 RATHE O, BESRRXBROFHFERER NERKARS
SRFAT R EL BT AR RE MR R SR RE

VPG T i
KRB AR E KR BT

RE &4
3. 1 R
(B&)
3. 2fFREMIREA
(%)
3. 3K
FIFLIREM RS (GPS) ST MM 5 M) 7 A M
X BB AL GPS SEMHIZ . SGEHE.

iﬁ@ﬁﬁﬁ
RENHIEITEES LREFR.

WEREMNSE

4. 1 g
B SRR MEEERS
B +2g
W25: 400mV/g
#P: 0-—~—200Hz

4. 2 HEHEHB
B2, TLC542
HEckR, #HERR
SR 8L
MNEE: 11

S5t



R RE KRR 3 BAE BARR, 4RI

WMAJEE: 0—3.4V
HEtE: 10us
¥6/%: 1LSB Max

4. 3 GPS
B5: GPS12XLC
HIFHE: +5—40VDC AT 154 (49 ZER) RMS
HE: 0.4 % RMS (ERF) FERIFE:1s

4. 4iHEN

EHEXTEHL, FTEHRRE

4. SPRARGHLER
6V Hift ¥

v

e |yl HEEGEAR Ll TEMEO | |, PC

Bl 6-1 MEBERSEREHER
Fig6-1 Simple Frame of the Measurement System

5 (WERRK:
5.1 FIEERH:
5. 1. 1 ARRAREREBENBEINE LT, B LEEERESRBXE.
RYE UIC513 MR AL X BHLFIZEIE 4T Smin FIBRIZHEIT B,
3Ly 25 B, ZEBZEAT A K U B A Y 7E 25 S 28
5. 1. 2 XHBITHIFIERA GPS(LIREM AL BATREM B, ELLKEE
&% 15 KLAF.
5. 1. 3 AKRKKE 25 RWLWEEE, BRIERKE 5 9466 BEEEN
4,2X25 fiAs..
5. 1. 4 HEESMELE: FRXKARKXARRLEE, @l X Y. Z=4
F RS MRS SRS, B TEIEAR, SRR
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2l 150Kkm/h, TIXFEEEF KRR K B THIEmR#ER A, F&E
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5. 1. 8 Pikid#E

Bl 6-4 FEEMRARL
Fig6-4 Measurement System of
Comfort
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