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Study of Bowel-Sounds Monitoring and Wireless Temperature

Measuring Based on LabVIEW

Abstract

LaVIEW (Laboratory Virtual Instrument Engineering Workbench),
which is graphical programming software that uses icons instead of lines of
text, provides an ideal platform for monitoring physical information when
it combines a DAQ (Data Acquisition) interface.

After undergoing major surgery, the anaesthetized patients of which
gastrointestine (GI) recovery usually take several hours. During this time, it
is very important to monitor the GI motility for the patient to have a meal.
The main object of this thesis is to develop an immediate bowel-sounds
monitoring system, which can help health-carer to auscultate the patients so
as to enhancing the working efficiency. This study focuses on using the
stethoscope with unidirectional condenser microphone to monitor the right
abdomen and capture bowel sound signal, which passes through amplifier
circuit and filter circuit, then through the DAQ interface transmits to a PC,
and using the digital filter by LabVIEW (Laboratory Virtual Instrument
Engineering Workbench) to reduce the interference of heart and breath
sounds. Thus, by a user interface, the system will show the measurement

result on the screen. In addition, this study aims to develop the application



of wireless temperature measurement modules. The measurement system
can monitor indoor temperature ranging from 0 °C to 300 °C. A
Microcontrollers MSP430 performs the signal digitized processing. The
wireless transmission is a low-power consumption device using ZigBee.
After A/D converter, and then transmit to RS232 interface by ZigBee, the
data of temperature can be presented on the PC using LabVIEW software.
Through the multipoint detection by ZigBee module immediately, we will
prevent the fire accident by installing the sensors in the places where
temperature is easy to be high. In the future, this system can combine with

ZigBee to perform a portable wireless monitoring system.

Keywords: Capacitive microphone; Digital filter; LabVIEW;
Auscultation; Bowel-sounds; ZigBee
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Guwtd Taes Dedore {BT) e

Guaed Tine Ater JAT) LI

todem Flach Update

i Mo baud changs

B 2.17 ZigBee £ EA§ L &93% &
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2.2.4RS232 &

J5 RS232 &Y 2451832 T B BN R 8 RS H - R/ >
#1F USB B A K TR 22 ERE RS2 ML TR TR TH4

AR BT 0 BB B ER] 0 B 2.18 AT o

oo «—USB

B 2.18 RS232 4 A USB &

BTRAREBAFT LY BhEL—A&RE BEREGERE
% USB Fr18 82|49 COM > i A5} 50 AT AR 2] 69 & COM4 > A LA E 4%
A T ERMARF 6 COM Bk e F - a0 ERHm L a4 9600 -
% E 4w 2.19 0 dde Tx Bpfr gt Rx B iy & 48 iR 488 > B4k 118

NE RS e N — e > 518 RS232 188 £ TG4tk | Bl e i )48

Fleg33E - ARk H AR T AT Ao b g BB R B B A
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% = ¥ LabVIEW [ ¥ 8k 28

3.1 LabVIEW & ] 3R.5% A 3K

3.1.1 & X E-DAQ

LabVIEW [B#F k82 2 3SEh A\ > BB B 3@ P E 6 X & 7T
o ST LIS SN SRAR AL A AR B e BB T RS EARREST 0 T B 3.1 PR
T f£3% % DAQ FayBuih & 4 40KHz B R # A\ 86 B & 7T ;AR B3R
T BRGEELALE 2V Z MR B 3.2 © f£ number of sample
3% 2 20000 BRA% 26 0 7% Bp - — #04E F BE T 1A R 69 B4R 25 & 20000 48 o

data & X, 7T LA 3e BRHHRER £ P ey SR ) o

D4y
Lssistont(Py ERY

#R40K)

@YLOT i1y ooemoock L

number of samples —* number of sanple:
yate .Y 3o
timeout {g) —- v
data.

ervot out Huoosoa gryoy ot
task out Mmootk ot

B 3.1 LabVIEW & X DAQ
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Run ~  Add Chamnels Remove Channels

(%% Express Task 2% Connection Diagrem % Connection Diagram 1

1-

LB A TT 2 IR A 69 3R

0-

Amplitude

~200m =]
~400m =
~600m =

~800m =

[s] 10 20 30 40 S0 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Time:

_Gaph .~ |Displey Type Autoscale Y-Axis [

i Configuration Triggering | Advanced Timing ! Logging !

Voltage Input Setup
ES Settings |

Chick the A Channels button
(+] to add more channels to

the task. vy
.
Tirming Settings
Acquisition Mode Samples to Read Rate (Hz) .
i M Samples vi 100] | a0k

B 3.2 DAQ & X IR E

3.1.2 & X E-Waveform Graph 1\

5% R, data #y B &9 3 32 4 3] Waveform Graph & R, > 7R BF 4 DAQ
data #y # 23E 8 A %] Waveform Graph b » 8 A &ML ERA
Waveform Graph EAZE ¥ » W B & 4w sd3R! RFRESBRIR - AT

F Py X R &N MY K& E A £ Plot 3BT %
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48 Plot> AARREEERE S -

313 (R E-RE B

HIRR 6982 - AHIRBARNF R ME BRI E AT ™
W AIE kA o BAERARRERE LM EREGRARNR
FlmAL B REWME S FEFTEENMIRERRBER > mik
ARG IR G R > RERH RN B -

BAT AR B E T b B ER > L Bk A BOIE R

B R BAIEEBOFR  RRFR AR MR > A FEA

kv

AAGRTHEBER  BAwERBERTUAETR AR
B—EER wREAGREBZOUKXRIAFE - R EMHEREE
Bk o RIBEFREKXMGHBTUAERELAAE

{2 LabVIEW Bl 3E 888+ A MR R S > AP RATER 8RB &
Fho B 33 iR TIREARKX FREHE ZIELT X FlhoEF

WA S RBRR SR TRERS
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Filter

Signal 4.-.4 _,_ i Signd
Lower Cut-0ff —— M‘Ll
exror in (o eror) = . : .

Filer

B 33 E&RHH

g

Evs

B R0 B 3.4 PR AR AR A BRI B A I R e
IR A AR IR A B TR o6 B 09 HURIE IR AR TSR F 2 4R 42 250Hz
L E 4o F AT+ 0 48 A 894% 2 Infinite impulse register(IIR) » f{&

LabVIEW P9 2 8 7% 7 A& 3 & 2 A Butterworth J8 & %
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- Filtering Type i o : - Input Signal -

Highpsss v
il £ ®
z
Filter Specifications g
5

Cutoff Frequemy (Hz)

i
1

- i \
0 01 02 03 04 05 05 07 08 09
Time

L Finihe impules response (FIR) filter
Ia}:x:s:
20

Result Preview and Transfer
Function cannot be displayed.
(%) Infinits impulse response ([IR) filter . . )
— The current Filter Specifications do
=oROR not meet the Nyquist criterion for

Butterworth w ! . ]
the given Input Signal.

Ouder
5 ¥
Yiew Mode

) Signals [T 8how as spectrum

3 Transfer function

Scale Mode

7 Magnitnde in dB

[ ok | [ camet || Heb

B 3.4k BRAEE
3131 AR KR B AH BT

BRI BN AR H M EETRE A AMMAANER

B BB —ERBIB LG xR E0 TR > BEAE

AR B R A AFAAGEE N - MBALE R REAFER A/D ik

7% 893EE > B b S e R 32 5B (Digital Signal Processor, DSP)4e B 3.5
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PR SL 2 R R A BB RE R R - Bt BASHRERAR
B MBAREBRGELELE LT T AMHOREE KETER
B PEARIR AT B - MBI B e A mAER R E A6 ¢ A Rk
=] f& ( Finite Impulse Response - FIR ) & i% % #v & Ak = & (Infinite
Impulse Response - [IR ) JE & % & ErEE RS EE > T LA b
AEEERLHAEL L EHAEN > BAEHFRES A

o HerZRASARMRA e AL A MREEME

Analog In Analog Out

A/D i AR BB N ——| DIARL >

B 35 BMRERETER

W
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3.1.3.2 Butterworth

Butterworth JE & B a945 28 R BIA TN AR LR B R AR R KT

A=A
N>

s H B AL

22
oo

ya - KR % E A Butterworth JE &

o

N

Ve

TE 3.6 A1

ation}

Digital Butterworth filter design (Bilinear transform

g —
! i ! e i T
' 1 [P ' i '
i | e 1 ' 1 [
i [ < 1 i 0 i
IR SO [ S U | S, (S [ o
1 P 1 ¥ t i i o
1 PR 1 i ' ' 1
1 P 1 ' i 1 1
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- = = = e m = = - = f o = = = L L e U 5
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1 1 1 1 i 1
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L t l 1 1 t o
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b i ¥ i 1 ll
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1 1 1 1 i i
IR BRI o [, [ A (. [N o™
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' 1 [ i ' 1 —
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hn - o o & %
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B 3.6 B RASHEEERE
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3.2 B RARR

{2 LabVIEW F #4847 5 AR F ey A2 X 0 3SR EB T HERF
%o REBFE-RODERABE BLEE-REAERASE  HF—
R A% eIk A AT AR R K G900 A 88 F IR R B X3e R
AEBRBE RS B MIRLB R R » IR L R

PEIBIE B2 0 BB IR BEEE B 3.7 AT o

LN

] 1o

Filterd Filter3

»

5 Mg |
RS
18 . R

| DAQ
] Assistant(PI32 Y
HHA0K)

i )
Write To o
Measwement File
-

B 3.7 LabVIEW B & £2 X 8]3
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%840 AR I e £ X0 F AR IR B B 5 SRR Ao AR A BT 4o
B 3.8 IR X ALE BRI AL BT RAEEE 385 RKE
ek B AR IR R A A FI BT > AF R TR TR R T 0.1 AR4FH 2
KRB Z B E RS AL wEREARLHKEN g4 LabVIEW

Bl ¥ 9> dn #k 38 L&y LED #o o

250 Hz 1R
HPF
v

400 Hz 1IR
LPF

I LED lighting
B 38 mERNAEE

34



3.3 BER S 74

B IE a8 R 0 B EGR B P100 KB NOR B IR 0 AR E IR
el RE % 0 BB EEAN LabVIEW Bz iie - BAH
RS232 ¥4 @3B ML T LA 1% %] LabVIEW $k B2 2 & o M 5 518 A& — ##

FRGEREG R ERERTETANTHARSEEZHE
%38 E S 22 69 B 5 3% RS232 &A% 1% Bk - LabVIEW k88 7 a4 % 71 &
KRFREM > REZREQF B EMARTHRELEN > #ER

FRRETME T > B 3.9 AT ©

-] SERIAL
PORT
E LITE

v Serial Port Tndt i

B 3.9 & X, Serial Port Init

3.4 B B IR R
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& g R B ZigBee PR AB AT RS P 6 3I% o 45 & RS232 ayff )
miki® LabVIEW 22 X, P&k > BHAEZFRARAT > & E 3102
K 44 RS232 & 7428 A7y 3] MSP430 ¢4 #iff » &840 3045 15 BOR) B A

AR 2698 E - #or4 LabVIEW frd@ F -

coooo aogg 1 i1y [ I o o B o o o o e R

0. 48]

poopoooooooooooooooooodfadsnononRooon

B 3.10 LabVIEW #2 X 3% B

YRR B e A/D #3444 0 & o Serial Port Init & =X 4545 2] &L
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3.5 A AR

BB BB R e g B R AR AR R B ey & h MSP430 - £& B3R
I+ A IAR Embedded Workbench KickStart for MSP430 » st & R A& B 49

wpen C

i
b

4 A

any
i

2T BB Eed -~ EE R REETBE -

N

AR AAR @A T R EAA P B 311 A AR

Embedded Workbench KickStart for MSP430 &4 B 55 3% 38 -

Fle Edit View Project Tools Window Help

;BT EQU 8 : DCo

DEEHG S . ~ T
| 18R Information Center for M5P43 i

; 03C is DCO = MCLK = SMCLK = 1MHz

: UART bps is 115200 8Nl

TXD EQU 008h ; Set PL.3 is TX outport

#define RTD R4 ; The bit bit time

#define bitent RS ; The UART bit counter , start+8 bit data+stop

#define byecnt R6 : The XY¥Z value and data format are 9 byte

#define ru R10O

:BT EQU 32 ; DCO = 12MHz -> BPS =115200

BT EQU 3z ; DCO = lMHz -> BPS =9600

= 1MHz -> BPS =18200

EmSSssssssCCCRSSSSSSSSSSSSSSRESSSSEES

#include "mspd30x20x2.h"

RSEG CSTACK ; Define stack segmnent

RSEG CODE : Ahssemble to Flash memory
RESET wmov.w  #SFE(CSTACK),SP ; Initialize stackpointer

bic.b #020h, &P10UT : Set Zigbee not in sleep mode
StoplDT nov.w  SWDTPWHWDTHOLD, &UDTCTL ; Stop WDT

SetupSMCLK
nov.b  &CALDCO_IMHZ, ¢DCOCTL ; Set DCO step + modulation . DCO = 1MHz
nov.b  &CALBC1_IMHZ,&«BCSCTL1 ; Set DCO range
bis.b  #XT20FF,&BCSCTLL : Close 08C_XT2
nov.b  #0x00,sBCSCTL2

B 3.11 MSP430 P&
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MSP430 &4 % #k 48 o4 /8 & 3% 3 MSP430FET(Flash Emulation Tool)
TREB B2 A TR RAME RO SRS B3R
ATAoRE B P HT... % > T MSP430FET 1 & Rssp ehid 4 - R %3438 USB

@ BPTAE R > o B 3.12 A7ow A & MSP430FET E 42 ] -

B 3.12MSP430FET § # B
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4.1 B & 3% g4 5 R A

FEE—RIERR B RAGFESNES AL > B HRERLE
B 4o FE 41 piom AN MRAEHERZPAR S ERRTHRE-
FRHEIR T AR T e B /AL KRR A Bl ey B E T B

B PROABMAERR SR ELTRESER -

B 4.1 o FRRESHLER

40



4.1.1 R ARE R

AR B RFH ARG HRERBELE R LiF 8 TR IR B
EHB B AL MR IR MREBTRERY - THRAN TR
RRERED A RBARES WA T SR RATR 8051235
B ey B G  RAGTAR T OB REL 0 BRI &) R BB A A
B GBR AR B 42 BN R SRS A 0 B REREN
MR ERZHLERLEBTEBON @ T B bR AT AR 2%

T S RRRHIRES AR - o

B 4.2 Bk B E R
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12 BE AT ERE R

BE RN ISP B EEA-B-C~D mwf
A %o
B43m o o izt~ T~ £ AW EIFAE 0 18R 6 Bk v B 2

G BT ~ 1R B9 ¥R B IF SLILSA R 28k o M o 38 v ST B 46 S ERAL

B 4.3 B2 B

4.2.1 34 A Z Bl E

4.4 PR 0 SRR b & 89 3R4L 0 fE v AR AT KN AT Rl 2 Bl 6 E E)

BE - EHIEEA K 0.03 87N » SARR A 285Hz > B 4.5 ROCERATAT
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l
i

B 4.8 TARBR ML A) Z RITG

422 34 B Z B €

Bl 4.9 frow ARG E 23R E 0 B s AR X AT A0SR BIA R Al R

327Hz #5&h 85T 49 & 0.05 £ B 4.10 Arori2 ey eEgpes ] A 0.18 £ o
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4.21 438! BARBSRRR- A cBREEHHAE B 300Hz 61T % 0.4

o B 422 ZEGEE R 0.13 R ey R REEE) - M E 4.23 XL TR

~

% % RIGH R D Mg 5] A 0.21 £42 0.07 £

=0

\'M\MM]W ‘\Umuwww Rt wm AR d\mwu\«ywm\ W\ oMl Ui i ’J‘" M‘ |\“r»l\n/m\f.m,m A

B 4.19 "LAR Z AT (¥4 D)

55



I}

WMMN.W,...thlFP-M{ngwwNM,WWWWWAWMWMM_Mwwip‘;ﬂ"\ll‘

fl

M’aﬂ il
fil

1

) Jrobf J 1.,@1;%7',\},,,1.!\ i

e l‘

B 4.21 vo % (34 D) ERIES)

56



oo

Jﬁ‘»%«‘\i" Sl il AR | s ]
! MI“’A,WW [P | ‘§§"|{ffJln'\ftfft_nﬂ}‘g‘u’ﬂ‘ﬁ'u?if.x

B 4.23 "oRR (34 D) S RIES)

57



4.2.5 LA LA S8t &

B4 L Ak 40 & 5% w8 5 518 B LR AT 4 IR R 4
&k o RA2 R RLARBIER G A 0 SR ARIZIIERE A
250Hz~350Hz %, 1y -

& 4.1 e AR AT B RIGH) B MALIR R

Fokgsy | ASde | BaMr | CHdz | D3z

RN 204 llz 298 Hz 319 Hz 298 Hz

Bk | 299 Hz | 301 Hz | 267 Hz | 299 Mz

=k 299 Hz 327 Hz 283 Hz 270 Hz

Bk | 289 Hz | 299 Hz | 280 Hz | 290 Hz
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& 42 o frig BRIGEH K AMA R

BRIEE | AdME | DM Caffr | D3z

Mg — 320 Hz 275 lz 300 Hz 299 Hz

M h 274 Hz 303 Hz 300 Hz 315 Hz

& A3~ X 44 B AL B ) B IRt sk A E AR TR
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