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Thesis Title Development of User Interface System for Dysphagia Patients
Diagnostic System

Author Mr. Wichian Vateekarn

Major Program Electrical Engineering
Academic Year 1998
Abstract

This thesis describes the development of user interface system for dysphagia patients
diagnostic system. This program is developed to consist of 18 windows, which are many
command buttons to use differently. In the first step, signals from tongue muscles and neck
muscles of subjects would be took to analyse by appropriate mathematiéal model by 4 various

methods as following

1} Power Spectral Density at Median Frequency
2) Maximum of Power Spectral Density
3} Coefficient of Autoregressive Model

4) Power of Signal

Parameters analysed from the mathematical models would be used to classify the

abnormal subjects by using the neural network. The results showed that classification by the

neural network format 1 is better than the neural network format 2 and format 3. Classification
format 1 of tongue muscles and neck muscles could correctly idehtify 97%. But classification
format 2 of tongue muscles could correctly identify 91.4% while neck muscles could correctly
identify 77.1%. For classification by the neural network format 3 of tongue muscles and neck
muscles could correctly identify 77.1%. 'Then all of these results would be made a summary by
this program that is dysphagia patients or normal subjects. User will get the results comfortably,

quickly and efficiently on the monitor.
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° = degrees

- = negative of, or minus

Q = ohrns

% = percent

+ = plus or minus

+ = positive of, or plus

A = amperes

ACH <0..7> = analog channel 0 through 7 signals
ADC = analog-to-digital converter

AGND = analog ground signal

Al = analog input

AISENSE/AIGND = analog input sense/analog input ground signal
C = Celsius

CH = channel

counter B, B2 clock signals

CLKBI1, CLKB2

cm = centimeters
Coeff of AR = Coefficient of Autoregressive Model
Coeff = Coefficient
dB = decibels
DC = directourrent
DGND = digital ground signal
DMA = direct memory access

" DNL = differential nonlinearity
EXTCONV = external convert signal
EXTTRIG = external trigger signal
F = farad
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FIFO

GATB<0,.2>

max

Max of PS
MB

min
MOCI
MOC2
MOC3
MOC4
NC

NRSE
QUTBO, OUTB!

PA, PB, PC<0..7>

Il

first in first out memory buffer
counter B0, BI, B2 gate signals
heriz

inches

input/output

light-emitting diode

least significant bit

maximum

Maximum of Power Spectral Density
megabytes of memory
minimum

Method of Classification 1
Method of Classification 2
Method of Classification 3
Method of Classification 4

not connected

nonreferenced single-ended
counter BO, BI output signals

port A, B, or C 0 through 7 signals

PS at MF = Power Spectral Density at Median Frequency
ppm = parts per million

s = secornds

S = samples

Sum of PS = Power of Signal

typ = typical

v = volts

vDC = volts direct current

Ver. = Version
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int CVICALLBACK Method 2Callback (int panel, int control, int event,
void *caltbackData, int eventDatal, int eventData2}
{ int i,x,emror; sw_itch {event)
{ case EVENT_COMMIT:
/= DC OFFSET C2 #/
Mean (data_ps2, 32512, &average); for (i=0; 1<32512; i+4) { aver[i] = average; }
SublD {data_ps2, aver, 32512, data_ps2);
/* DC OFFSET C3 %/
Mcan (data_ps2t, 32512, &average); for (i=0; i<32512; i++) { averli] = average; }
Abs1D (aver, 32512, aver); AddiD (data_ps2i, aver, 32512, data_ps21});
/5 NORMALIZEC2 ¥/
MaxMinlD (data_ps2, 325312, &max2, Simax2, &min2, &imin2); for (i=0; i<32512; i+ { maximum(i] = max2; }
Abs1D (maximum, 32512, maximum); DiviD (data_ps2, maximum, 32512, data_ps2);
/* NORMALIZEC3 ¥/
MaxiMinlD (data_ps21, 32512, &max3, &imax3, &min3, &imin3); for (i=0; i<32512; i) { maximum[i] = max3; }
AbsiD {maximum, 32512, maximum); DiviD (data_ps21, maximum, 32512, data ps2i);
error = DeleteGraphPlot (Lda, LDATA_GRAPH, -1, VAL_DELAYED_DRAW);
PlolY (Lda, LDATA_GRAPH, data ps2, 32512, VAL DOUBLE, VAL_THIN_LINE,

AL

VAL-EMPEY-SQUARE, VAL_SOLID. 1, VAL _RED);

eiror = DeleteGraphPlot (Lda, LDATA_GRAPH_1, -1, VA L DELAYED DRAW);

PlotY (Lda, LDATA_GRAPH_I, data_ps21, 32512, VAL DOUBLE, VAL _THIN_LINE,
VAL _EMPTY SQUARE, VAL_SOLID, 1, VAL_BLUE);

MaxMin1D (data_ps2, 32512, &maxZ, &imax2, dmin2, &imin2);

MaxMinlD (data_ps21, 32512, &max3, &imax3, &min3, &imin3);

ml = imax2+4992; position_1 = ml; if (imax2 >= 4992) {

m2 = imax2-4992; sum=ml-m2; position 2 = mZ; }

ml =imax3+49%2; position_l1=ml; if (imax3 »>=4992) {

m2 = imax3-4992; sum=ml-m2; position_ 21 =m2; } for (i=0;i<39; i++} { if (position_: 2 <position_1) {
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/* BP BUTTERWORTH IIR C2 ¥/
Bw_BPF (&data _ps2[positim1__2], 256, 2500, 10, 500, 4, &filterwave_2[position_2]);
AutoPowerSpectrum (& filterwave_2 [(position_2)], 256, {1/2500), spectrum_2, &fregspace);
Suml1D (spectrum_2, 128, &itotal); result=1totali2; for (x=3; x<128; xHH) {
spectrum_2[0] =0; specirum_2{11=0;
Sum!D (spectrum_2, %, Sarray);
if (resull <= array) { medianp[l] = (spectrum_2[x])¥1000; break; } }
position 2= position_24256; } }
for (i=0; i<39; i++) { if (position_21 < position_11 )|
/* BP BUTTERWORTH IR C3 ¥/
Bw_BPF (&data _ple{;msition_Zl], 256, 2500, 10, 500, 4, &ﬂltcrwavc}l[positEmLZ1]);
AutoPowerSpectrum (&ﬁllcm'aveﬁll[(position_Zl)], 256, (1/2500), spectrum_21, &freqspace};
SumlD (spectrum_21, 128, &total); resuli= total/2; for (=3; x<128; x++) {
spectrum_21{0]=0; spectrum,_21{1]=0;
SumiD (spectrum_21, x, &array);
if (result <= amay) § medianp_2[i}= {spectrum_21{x]}*1000; break; } }
position_2[ = position_21+256; 1}
error = DeleteGraphPlot (Psd_2, PSD_2_ WAV EFORM_PSD 21,-1, VAL__DELAYEDﬁDRA\V);
Ploty (Psd_2, PSD 2_WAVEFORM_PSD_21, medianp, 39,VAL_DOUBLE,
VAL_THIN_LINE, VAL_EMPTY_SQUARE, VAL_SOLID, 1, VAL_RED);
error = DeleteGraphPlot (Psd_2, PSD_2_WAVEFORM_PSD_22, -1, VAL DELAYED_DRAW);
PlotY {Psd_2, PSD_2_WAVEFORM_PSD_22, medianp_2, 39,VAL DOUBLE,
VAL THIN_LINE, val, EMPTY SQUARE, VAL_SOLID, 1, VAL BLUE);
InstallPopup (Psd_2);
break; }

return 0; ]
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int CVICALLBACK Method_3Callback {int panel, int contro}, int event,
void *calibackData, int eventDatal, int eventData2)
{ int ierror; switch {event)
{ case EVENT_COMMIT:
J* DC OFFSET C2 ¥/
Mean {data_ps3, 32512, &average); for {i=0; 1<32512; i+4) { averli} = average; }
Subil} (data_ps3, aver, 32512, data _ps3);
/* DC OFFSETC3 ¥/
Mean {data_ps31, 32512, Laverage); for (i=0; i<32512; i++) { aver{i} =average; P
Abs1D (aver, 32512, aver); AddID (data_ps31, aver, 32512, data  ps3l);
/* NORMALIZE C2 */
MaxMinlID (data_ps3, 32512, &max?, &imax2, &min?, &imin2);
for (i=0; 1<32512; i++) { maximum[i] = max2; § AbsiD (maximum, 32512, maximumy);
Div1D (data_ps3, maximun, 32512, data_ps3);
 NORMALIZEC3 ¥/
MaxMin1D (data_ps31, 32512, Semax3, &imax3, &mind, &imind);
for (i=0; 1<32512; i++) 4 maximum(i] = max3; } AbsiD (maximum, 32542, maximamy;
DivlD {data_ps31, maximum, 32512, data_ps3l);
error = DeleleGraphPlot (1.da, LDATA_GRAPH, -1, VAL__DELAYED#DRAW);
PlotY {Lda, LDATA_GRAPH, data_ps3, 32512, VAL DOUBLE, VAL_THIN_LINE,
VAL_EMP'I'\LSQUARE, VAL_SOLID, 1, VAL_RED};
error = DeleteGraphPlot (Lda, LDATA_GRAPH_I, -1, \’ALﬁDELAYED_DRAW);
PlotY (Lda, LDATA GRAPH._1, data_ps31,32512, VAL DOUBLE, VAL_THIN_LINE,
VALﬁEMPT\’_SQUARE, VAL_SOLID, I, VAL_BLUE)
MaxMiniD (data_ps3, 32512, &max?, &imax2, &minZ, &imin2);

MaxMinlD (data_ps31, 32512, &max3, &imax3, &min3, &imin3);

ml = imax2+4992; position_I = ml; i (smaxe == #4992+

m2 = imax2-4992; sum=ml-m2; position_2=m2; }

ml = imax3+4992; position_i1 =ml; if (imtaxd >= 4992} {

T2 S iniax34992; sum = mi-m2; position 21 =m2; }..

for (i=0; i<39; i++) { if {position_2 < position_1 ) {

AutoPowerSpectrum {8data _ps3[{position_2)], 236, (142500}, spectrum_3, &fregspace);
MaxMin1D (spectrum_3, 128, &maxp{i], &pmax, &minpli], &pmin};

maxpli] = maxpli]* [00; position_2 = position_2+256; } }

for (i=0; i<39; i++) { if {position_21 < position_1 )R

AutoPowerSpectrum (&data _ps3i[(position_21}), 256, (1/2500), spectrum_31, &freqspace);
L___)———————*—————
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Maxdinl D (spectrum_31, 128, &maxp 2[i), &pmax, &minpfi], &pmin);
maxp_2[i] = maxp_2[i1*100;
position_21 = position_21+256; i1
error = DeleteGraphPlot (Psd_3, PSD_3_WAVEFORM_PSD_31, -1, VAL_DELAYED_DRAW);
PlotY (Psd_3, PSD_3_WAVEFORM_PSD_31, maxp, 39,VAL_DOUBLE,

VAL_THIN_LINE, VAL EMPTY_SQUARE, VAL_SOLID, 1, VAL_RED),
errar = DeleteGraphPlot (Psd_3, PSD_3_WAVEFORM_PSD_32, -1, VAL _DELAYED_DRAW);
PlotY (Psd_3, PSD_3_WAVEFORM_PSD_32, maxp_2, 39,VAL_DOUBLE,

VAL_THIN LINE, VAL_EMPTY_SQUARE, VAL_SOLID, 1, VAL BLUE);
InstallPopup (Psd_3);
break; }

return 0; }
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int CVICALLBACK Method_4Callback (int panel, int control, int event,
void *callbackData, int eventDatal, int eveniData2)
{ int ix,y.emror; switch {event) { case BVENT_COM!\;SIT:
/# DC QFFSETC2 %/
Mean (data_ps4, 32512, Saverage); for (i=0; 1<32512; i+4) { aver[i] = average; }
SubiD (data_psd, aver, 32512, data_psd);
{* DC OFFSET €3 ¥/
Mean {data_ps4l, 32512, &average); for (i=0; i<32512; i+ { aver{i] = average; }
Abs1D (aver, 32512, aver); Add1D (data_psd1, aver, 32512, data_psdl);
/£ NORMALIZEC2 %/
MaxMin1D {data_ps4, 32512, &max?, &imax2, &min2, Simin2);
for (i=0; i<32512; i++) { maximum{i] = max2; }
Abs1D (maximum, 32512, maximum); DiviD {data_ps4, maximum, 32512, data_ps4);
/¥ NORMALIZE C3 */
MaxMinlD (data_psdl, 32512, &max3, &imax3, &min3, &imin3);
for (i=0; 1<32512; i++) { maximumfi] = max3; }
Abs1D (maximum, 32512, maximum); DivlD {data_ps41, maximunmm, 32512, data_psdl);
error = DeleteGraphPlot (Lda, LDATA_GRAPH, -1, VAL_DELAYED_DRAW);

A

PlotY (Lda, LDATA_GRAFH, data_ psd, 35T VAL DOUBLE, VAL THIN-LINE;
VAL_EMPTY_SQUARE, VAL _SOLID, I, VAL _RED);

error = DeleteGraphPlot (Lda, LDATA_GRAPH_1, -1, VAL_DELAYED_DRAW);

Platy (Lda; LDATA GRAPH 1, data - psdl; 32512, VAL _DOUBLE, VAL_THIN_LINE,
VAL_EMPTY_SQUARE, VAL SOLID, I, VAL_BLUE),

MaxMinl D (data_psd, 32512, &mdx2, &imax2, &min2, &imin2);

MaxMin1D (data_ps41, 32512, &max3, &imax3, &min3, &imin3);

ml = imax2+4992; position_1 =1ml; if (imax2 >= 4992) { m2 = imax2-4992; sum=ml-m2; position 2= m2; }

mi = imax3+4992; position_11=ml; if (jmax3 >= 4992) {

o2 = imax3-4992; sum=ml-m2; position_21=m2; }
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for (i=0; 1<39; i+#) { if (position_2 < position_| ) 4

/¢ LP BUTTERWORTH IR C2 ¥/

Bw_LPF (&data _psd{p-osilionﬁl’], 256, 2500, 300, 2, &filterwave_4[position_2]);
for (x=0; x<246; x++) { yixI{0]=1; position_2 = position_2+9;

for (y=1; y<t; y+H) { yiixliyl = fitterwave_4[position_2J;

if (y<10) position 2~ } position_2 = position 2+10;

ynx} = filterwave_4[position_2]; positien_2 = position_2-9; }

GenLSFitCoef (yf, 246, 10, ym, ar,0);

ar_2[i] = arll} /* Coeft Sof AR C2 ¥/
ar_4fi] = ar[3]; fECoelT3of ARC2 %
ar_o[i] = ar[5]; 1% Coefl 1 of ARC2 %/

position_2 = position_2+10; i

for (i=0; i<39; i++) { if {position_21 < position_11} {

/¥ LP BUTTERWORTH IR C3 ¥/

Bw LPF (&data _ps41[position_21 1, 256, 2500, 300, 2, &filterwave_41[position_211);
for (x=0; xQdé; ) { yiix](01=1; position_21= position_21+9;

for (y=1; y<11; y++} { yilx][y]l= filterwave_41{position_21];

if (y < 10) position_21--; } position_21 =position_21+10;

ynlx]= fillerwave_41{position_21]; position 21 = position_21-9; }

GenLSFitCoef (yf, 246, 10, yn, ar,0};

ar 21{i] =ar(i}; Fe Coeff 30l ARC3 ¥/
ar_41[i] = arl3); % CoefT 5of AR C3 ¥/
ar_61[i]=ar[5k; /% Coeff [ of AR C3 */

position_21 = position_21+10; Vi
error = DeleteGraphPlot (Psd_4, PSD_4 WAVEFORM_PSD4 I, -1, VAL DELAYED DRAW);
PlotY (Psd_4, PSD_4_WAVEFORM_PSD4_1, ar_2, 39,VAL DOUBLE,

VAL THIN EINE VAL EMPEY-SQUARE, VAL _SOLID, | VAL _RED);

error = DeleteGraphPlot (Psd 4, PSD_4 WAV EFORM_PSD4 2, -1, VAL_DELAYEDﬁDRAW);
PlotY (Psd_4, PSD_4_WAVEFORM_PSD4 2, ar_4,39,VAL. DOUBLE,

VAL_THIN_LINE, VAL_EMPTY_SQUARE, VAL _SOLID, I, VAL_RED);
error = DeleteGraphPlot (Psd_4, PSD_4_WAVEFORM_PSD4_3,-1, VAL_DELAYED_DRAW);
PlotY (Psd_4, PSD_4MWAVEFORM_PSD4_3, ar_6, 39,VAL_DOUBLE,

VAL_THIN_LINE, VAL_EMPTY_SQUARE, VAL_SOLID, I, VAL _RED);
error = DeleteGraphPlot (Psd_4, PSD_4 WAVEFORM_PSD4_4,-1, VAL DELAYED_DRAW);
PlotY (Psd_4, PSD_4 WAVEFORM_PSD4_4, ar 41,39, VAL_DOUBLE,

VAL THIN_LINE, VAL | EMPTY_ SQUARE, VAL _ SOLID, 1, VAL_BLUE);,
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error = DeleteGraphPlot (Psd_4, PSD_4 WAVEFORM_PSD4_5, -1, VAL_DELAYED_DRAW);
PlotY (Psd 4, PSD 4 WAVEFORM_PSD4_5, ar_21, 39,VAL_DOUBLE,

VAL _THIN_LINE, VAL_EMPTY SQUARE, VAL_SOLID, 1, VAL_BLUE);
error = DeleleGraphPlot (Psd_4, PSD_4_WAVEFORM_PSD4_6, -1, VAL_DELAYED_DRAWY);
PlotY (Psd 4, PSD_4 WAVEFORM_PSD4_6, ar 61, 39,VAL DOUBLE,

VAL THIN_LINE, VAL EMPTY_SQUARE, VAL_SOLID, 1, VAL_BLUE);
InstatiPopup (Psd_4);
break; }

retum 0; }

< as a as o o a
mmdseney 3-12 Fanduwes libunsumsdunamdilszansvesos lasnsadvidau

A T 9t ds.r g U 5t .&' T
11, 3382 5 993ngUnaIdaaulLasngunaIiiena {w1a)

nannlszaey 312 naeeilaiduvesisunsumsfamsdud sedniues
oo laSmsadvlddai 1, 3 uaz 5 vindoyafidenindiay 9984 ga Iuiesiuam g
az 256 99 Safuszinnn 39 9ae Tavesdnnamdinlss@niee latinsadviusumhmy 10
Faaylimansanondudd@nlszinition 10 M udesewamssiunaninsa
SrssAnTawaR 1, 3 uag s i lums S unmni (sug guagnsaily, 2541) Taosh
ﬂ'rsf‘huqnmaaﬂﬁsjqﬁ’iymgm wazhif nnmsdnainnnieansl - dsdaeganm

1f52a01 3-13

adsznel 3-13 gaasdiadienin ldnnmssnnamadulizinsos lasnsadviia

o w i o ' Ll g Qy 1 3
areudi 1, 3 uag s Ay vesnguadiieduuazngundilona




54

e ST e w as 1
3.4 MIFUATIEHAINOIUS agqmﬂwmam'mﬁu

o

TunssunEnYasAuYesTRaIn  MIMUINIEAILINHIHATINYBITIEYE
3

r=1

@ < | ot @ w &
g §uaeq Snnudusiutae Tl

fdevesdamnay = % S (HOAf cx)
=2

4 A o o Aq g T
do o Aedwnugavesdyae x© Aldfnamd S, ()

]
Y

i eSududisig 2 iiedas Aduazanuddnnng
Qs P =Y & .
andnnstedn  dndeulilsunsunoufinneidie  LabWindows/CVI  for
Windows Ver. 4.0.1 finaasnsimdedyanalifhdemsndy Tasiidanuuesldsunsusds

1 ] s ¥
uaadlunlsenoy 314 nasuaasuddeiimhitluTilsunsy danvalsznen 3-15
1 s%"n‘hlrsn.m‘j}D

] 3 o H df
Snudyadyyralithnduile

h 4

fr¥as1 DC OFFSET ttag il NORMALIZE dgygn!

!

- 1 e or = °
Wonaatoyadyyiunduniig 9984 19
wiadlusage #ez 256 90 $117U 39 929

—

¥ ﬁmmﬁwé’a
S Jugll 39 aja >—Yes .
By
No
h 4

1
fi7u Bandpass Filter 10-500 Hz J

3

Srmannaurutdvvesfdadwialnady
razHImIAdvesiyanm

avilszney 314 fenuuaaamssaammhdwesdyanoluganeni




55

AilsEnel 3-15 UIALLNAITe Sum of PS Hmhafamaideresdaannlus i
L s
msnanvesdygra ldfhaquadudieduunzngunduniensly

o
Talsunsuil

o ar ar
Pz 3-14 aunsadsuilassuveslisunsuldfanrlsznen 3-16

int CVICALLBACK Method SCallback (int panel, int contral, int event,
void *callbackData, int eventDatal, int evensData2)
{ int i,x,eror; switch (event) { case EVENT_COMMIT:
{* DC OFFSET C2 ¥/
Mean {data_ps5, 32512, &averape); for (i=0; i<32512; i+ { aver[i] =average; }
SublD (data_psS, aver, 32512, data_ps5);
/¥ DC QFFSET C3 ¥/
Mean (data_ps51, 32512, &average); for (i=0; i<32512; i++) { aver[i] = average; }
Abs1D {aver, 32512, aver); AddlD (data_ps51, aver, 32512, data_ps51);
/4 NORMALIZEC2 ¥/
MaxMin1D (data_pss, 32512, &max2, &imax2, &min2, &imin2);
for (i=0; i<32512; i++) { maximum(i] = max2; ' AbslD (maximum, 32512, maxinmum);
DiviD (data_ps5, maximum, 32512, data ps5);
/4 NORMALIZE C3 */
MaxMin1D (data_ps51, 32512, &max3, &imax3, &min3, &imin3);
for (i=0; i<32512; i+ { maximum{i] = max3; } Abs1D (maximum, 32512, maximuni),
DiviD (data_psS1, maximum, 32512, data_ps51);
ervor = DeleteGraphPlot {Lda, L.LDATA GRAPH, -1, \’AL_DELAYED_DRAW);
PlotY (Lda, LDATA GRAPH, data_ps5, 32512, VAL _DOUBLE, VAL_THIN LINE,

VAL _EMPTY_SQUARE, V. AL SOLID, 1,V AL_RED);
error = DeleteGraphPlot (Lda, LDATA_GRAPH_!, -1, VAL DELAYED_DRAW};
PlotY (Lda, LDATA_GRAPH_1, data_psS1, 32512, VAL_DOUBLE, VAL THIN_LINE,
VAL EMPTY_SQUARE, VAL SOLID, 1, VAL BLUE);
MaxMin|D (data_psS, 32512, &max2, &imax2, &min2, &imin2);
MaxMinlD {data_ps51, 32512, &max3, &imax3, &min3, &imin3);
m] = imax2+4992: position_| =m1; if (imax2 >= 49923 {

m2 = imax2-4992; sum=mi-m2; position 2 =m2; H

ml = imax3+4992; position_11 =ml; if (imax3 >= 4992) { m2 = imax3-4992; sum=mi-m2; position 21 =m2;}
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for (i=0; i<39; i++) { if (position_2 < position_1) {
/* BP BUTTERWORTHIIR C2 ¥/
Bw_BPF (&data . ps3[position_21, 256, 2500, 10, 500, 4, &filterwave_S[position_2]);
AutoPowerSpectrum (&filterwave_5[(position_2)], 256, (1/2500), spectrum_5, &fregspace);
spectrum_5{0]=0; spectrum_5[11=90; SumiD (spectrum_5, 128, &sumplil);
sumpli] = sumpli]*100; position_2 = position_2+256; } }
for (i=0; 1<39; i++) { if (position_21 < position_11) {
/¢ BP BUTTERWORTH IIR C3 %/
Bw_BPF (&data_ps5 i[position_21], 256, 2500, 10, 500, 4, &filterwave_51[position_211}
AutoPowerSpectrum (&filterwave_51[{position_21)], 256, {1/2500), spectrum_51, Sfregspace);
spectrum_51{0]=0; spectrum_51[1]=0; SumlD (spectrum_51, 128, &sump_2[i]);
sump_2{i} = sump_2[11*100; position_21 = position_21+256; } }
ervor = DeletcGraphPlot (Psd_5, PSD_S_WAVEFORM_PSD_51, -1, VAL_DELAYED_DRAW);
PlotY (Psd_5, PS D _5_WAVEFORM_PSD_51, sump, 39,VvAL _DOUBLE,

VAL_THIN_LINE, VAL_EMPTY SQUARE, VAL_SOLID, |, VAL _RED);
error = DeleteGraphPlot (Psd_S, PSD_S_WAVEFORM_PSD_52, -1, VAL_DELAYED_DRAW);
PlotY (Psd 5, PSD_S_WAVEFORM PSD_52, sump_2, 39,VAL _DOUBLE,

VAL_THIN_LINE, VAL, EMPTY_SQUARE, VAL_SOLIL, 1, VAL_BLUE);
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i* 0.572 g* 0.992 15 0.992 2% 0.992 29* 0.001
2% 0.991 9% 0.991 16* 0.992 23* 0.992 30% 0.001
3% 0.992 10% 0.991 17% 0.992 24 0.992 31% 0.247
4% 0.992 11* 0.991 18* 0.992 25* 0.992 32 0.992
5% 0.992 12 0.001 19% 0.992 26* 0.992 33 0.000
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4 1000 | o961t | o9t | 1000t | oseor | o739t | oont | ogrer 1 néas
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dsznoy n7 wiad iinistiuiindsye Toladh sample.c

Fin-~luds <userint.h>

i

! #ifdexf _ cplusplus

i extern "C”
i f

2 7% Pansls and Controls: *7

% #lz=tinse PANEL i
#iiefine PANEL QUIT 2
Fodef ame  PANEL ACQUIRE 3

E Fle=fine FPANEL GRAPH 4

H Eciesf ine  PAHEL COLCOR 15

## Henu Bars, Henus, and Henu Items: »7

A% {no menu bars in the resource file) =7
% Callback Prototvpes: »~

int CVICALILBACHK AcquireData(int panel., int control. int avent,
voird *callbackData, int eventDatal, int aventDataZ)
int CVICALLBACK Shutdown{int panel, int control, int event. T
void *callbackData, int sventDatal, int eventDataz)! -:
fifdel _ cplusplus C

#endi
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.\thesis\smple.c

#include <userint ho
Finclude <analysis.hs
finclude <ansi_c.h»
finclude "sanple.h”
int handle: double datapoints[100];
int mainint argc. char *xargv([])
{ if {InitCVIRTE (0, axgv. 0) == 03
return (-1): A% ouf of nemory */
if {({handle = LoadPanel (0, "sample.uir". PANEL}) < 0}
return —1;
DisplayPanel (handlej: RunUserInterface ();
return 0}
int CVICALLBACK AcquireData(int panel,int control,int event, !
void *callbackData, int sventDatal, int eventData?l) :
{ int trace _color. i:
if (event == EVENT_COMMIT) { :
for (i=0;1<100;i++) ;
datapointel[i]=50 = sin({{(2%3.141592653%)-/100)*1))+50; :
GetCtrlVal (handle, PANEL COLOR, &trace_color):
DeletsGraphFlot (handle, PANEL GRAPH., -1, 1}:
PlotY (handle, PANEL GRAPH, datapoints, 100, VAL DOUELE,

VAL_THIH_LINE,VAI;EMPTY_SQUARE,VAL_SOLID,1,traca_color);

raturn{0): }
int CYICALLBACK Shutdown(int panel, int control, int event,
void *callbackData,int eventDatal.int aventDataz)
{ if {event == EVENT_COMMIT)
(uitUserinterface(0):
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e Edit londids Add Files To Project... @oNFAY All Files [*.5]... ton lva

T Sample.s, Sample i WHE Sampleir it ﬁ'ﬁnﬁﬂﬁﬂnﬁ‘tﬁamﬁddwmué’am}uﬁqﬁ'«:»e&wméqﬁnﬁam

¢ . . . = o
dnnnssaus G Sample.c, Sample.h wag Sample.uir 33191l Project File Sl

715199, 16:20 AM
18/6/99, 9:18 Al
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HAKUIN U, qmauﬁ’ﬁua:mﬂam%‘mmmm%m Lab-PC-1200/A1

A/D Converter T lumsudaadyanaeniaeniluainea duFussuuas9dtiiy

95 1 At 24 'ldj J o~ e . 4
r;;ﬁ’wm“ﬂtgmmsﬂau 92ilun15A  Lab-PC-1200/A1 189UIHN National Instruments T3

P =y o 3 ¥ ¥
mmmLﬁawuﬁf{amaa‘lﬂﬂﬁﬂam'nmasvmmmsmm%{ﬂ Lab-PC-1200/AT taiadeglumm

1Jszney Wi

ACHO

ACH2

ACH4
ACHS

AISENSE/AIGND
AGND

j‘mtw%m w m‘

DGND { 18]

PA1 |15
PA3 |17

PAS 18

PA7 |2t

pB1 23

PB3 |25

PB5 |27

PB7 |29

pCl1 131

PC3 |33

PC5 {35

pcy |37

NG |38
ourTso |4

ouTB1 {43

CLKB1 |45

GATB2 | 47

+5V |49

ACH1
ACH3
ACHS"
ACH?
NG

12| NC

PAC

PAZ

PA4

PAS
PBO
PB2
PB4
PBG
PCO
pc2
PC4
PCt
EXTTRIG
EXTCONV*
GATBO
GATB1
ouTB2
CLKBZ
DGND

¥
mwlszney vi LA IS HTB4TIAOUUNS A Lab-PC-1200/AT

v
. Lab-PC-1200/A1 9iinaidnyms MenAtinaail
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I.1 Analog Input

1.1.1 Input Characteristics

SITRILIENLY mﬁ’fg ol Eight single-ended, eight pseudodifferential or four

differential, software selectable

¥iauae ADC Successive approximation
Resolution 12 bits, 1 in 4,096
99131 Sampling IR 100 kS/s single channel

FVDITYANUBUHA

Board Gain Board Range
(Software- (Software-Selectable)
Selectable)
5V Qto 10V
. 1 ELRY 0to 10V
2 25V 005V
5 Vv 002V
10 £500 mV OtoiV
20 1250 mV | 0to 500 mV
50 +100mV | 010200 mV
100 +50 mV Oto 100 mV
Input-coupling DC
=g ¥
Voltage gagafi 199711
, ¥ o . 3 9 . .
(signal + common mode) Huil4 Negative Input 14 +5 V( Bipolar input range)

#3054 42 V(Unipolar input range) Y83 AGND

¥ d = 9 =]
#uilu Positive Input 19 —5 V ©14 +10 V 909 AGND

Overvaltage protection +35 V powered on, +25V powered off
Inputs protected Analog channel 0 through 7 signals
ﬂ‘l‘iﬂ"lﬂ‘ﬁmga DMA, interrupts, programmed

/O



142

1.1.2 Transfer Characteristics

DNL +1 LSB max

No missing codes 12 bits, guaranteed

Offset error
Pregain error after calibration 10 pV max
Pregain error before calibration +20 mV max
Postgain error after calibration I mV max
Postgain error before calibration +200 mV max

Gain error (relative to calibration reference)
After calibration 0.02% of reading max
Before calibration +2% of reading max

1.2 Amplifier Characteristics

Input impedance

MNormal powered on 100 G in paraltel with 50 pF
Powered off 4.7 kQ min
Qverload 4.7 kQ min

Input bias current +100 pA

Input offset current +100 pA

1.3 Dynamic Characteristics

1.3.1 Bandwidth




Small signal (-3 dB)
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Gain Bandwidth
1-10 250 kHz
20 150 klz
50 60 kHz
100 30 kH
L kHz

Settling time for full-scale step

Gain

Settling Time (Accuracy +0.024% (+1 LSB))

10 ps typ, 14 ps max

13 ys typ, 16 ps max

15 ps typ, 19 ps max

27 us typ, 34 ps max

100

60 us typ, 80 us max

1.4 Stability

Recommended warm-up time 15 min
Offset temperature coefficient
Pregain +15 VG
Postgain +100 uV/°C
Gain temperature coefficient +40 ppm/°C
1.5 Bus Interface
Slave

Type
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1.6 Power Requirement

Power consumption

Lab-PC-1200A1 150 mA at +5 VDC (+5%)

Power available at I/O connector +4.65 to+5.25 Vfusedat 1 A

1.7 Physical

Dimensions 17.45 by 10.56 ¢
(6.87 by 4.16 in.)

1/0 connector 50-pin male

1.8 Environment

Operating temperature 0° 10 50°C
Storage temperature -55°1t0 150° C

Relative humidity 5% to 90% noncondensing
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