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8)DD9KD�� �)��9KDD� =)DD93D�� �)�B9KD8� ;)��9KD8� =)=C93D8� �)DC93D��

�)DD9KD�� �)��9KDD� =)DD93D�� �)�B9KD8� ;)��9KD8� =)=C93D8� �)DC93D��

;)DD9KD�� �)��9KDD� =)DD93D�� �)�B9KD8� ;)��9KD8� =)=C93D8� �)DC93D��

C)DD9KD�� �)��9KDD� =)DD93D�� �)�B9KD8� ;)��9KD8� =)=C93D8� �)DC93D��
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8)DD9KDC� �)��9KDD� =)8�93D�� �)=�9KD8� ;)�B9KD8� =)BB93D8� �)DC93D��
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C)DD9KDC� �)B�9KDD� =)8�93D�� �)CB9KD8� ;)��9KD8� =)BB93D8� �)DC93D��
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;)DD9KD=� 8)�C93D�� =)DC93D�� ;)�893D8� 3�)�=9KDD� =)=�93D8� �)DC93D��

C)DD9KD=� =)CD93D;� =)DC93D�� 8)D=93D8� 38)��9KD8� =)=�93D8� �)DC93D��
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���DA-? � DMADT_0 – Single Transfer 

DMASRCINCR_3 – Source Address is Incremented  

DMASBDB – Source and Destination Bytes 

DMAEN – DMA enable 

DMADSTINCR_0 – Destination address is unchanged 
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response of sytems[continuous time]
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�)   The VISA Configure Port function shows up, Put Cursor on the function box , the 

terminals show up. �

;)  Right click on one of the terminals and create constant.�
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14. In our application, each data set has nine string characters, eight of which are data points and one as a space 

delimiter. Thus, we set up the Read function to acquire only 9 bytes at a time. Right click on the terminal 

which reads Byte count, and create a constant. The default is 0, click on the box to change the Byte count to 

9. 
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%IC Application Team WPI 2008  
%Dec 02,2008  
clc  
clear all  
%read the Excel file  
[time] = xlsread( 'Step_response_y.csv' , 'B2:B1080' );   %we are taking data  
                                                      % for 100 seconds  
[time] = time-12;                                     % we subtract 12  
                                                      % seconds to make  
                                                      % the start time  
                                                      % at zero seconds                       
[amplitude]= xlsread( 'Step_response_y.csv' , 'D2:D1080' )-1.6; % DC offset of 0  
% We use an averaging filter to smooth out the acqu ired data  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%       1         1          1           1                  1  
% y(n)=---x(n) + ---x(n-1)+ ---x(n-2) + ---- x(n-3) +......---x(n-19)  
%       20        20         20          20                20  
%        
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
no_samples= 20;  
a_average = 1;  
b_average = 1/no_samples*ones(1 ,no_samples);  
y_average = filter(b_average,a_average,amplitude);  
% acquired data in scope  
figure(1);  
plot(time,amplitude);  
hold on 
plot(time,y_average, 'r' );  
hold off  
xlabel( 'Time' );  
ylabel( 'Amplitude' );  
title( 'Acquired Data' );  
grid on 
legend( 'Acquired data' , 'Averaged data' )  
% Note: As a first approximation we assumed the ini tial system to be  
% first order;  
risetime=20         %   the  10-90% risetime is 20 seconds  
tao=risetime/2.2;   %   time constant  
%the transfer function of our system is given by th e following  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% Response of unfiltered initial system  
%       Transfer function:  
%            gain*  1  
%           --------  
%           tao* s + 1  
%  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
gain =1.55;             % by inspection we found that the gain of  
                        % 1.55 provides a close match between our  
                        % theoretical model and  acquired data  
                         
num_initial = gain*[1];  % numerator  
den_initial = [tao,1];   % denominator  
Sys_initial=tf(num_initial,den_initial) % transfer function  
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Sys_initial_trial=tf(1,den_initial)  
  
figure(2)  
[sys_amp,sys_time] = step(Sys_initial);  
[sys_amp_trial,sys_time_trial] = step(Sys_initial_t rial);  
plot(sys_time,sys_amp, 'r' )  
hold on 
plot(time,y_average, 'b' )  
plot(sys_time,sys_amp_trial, 'k' )  
hold off  
grid on 
title( 'step Response[acquired +averaged data & theoretica l transfer function] ' )  
legend( 'final theoretical model' , 'acquired step data' , 'first approximation 

model' )  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% highpass filter  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% Response of highpass filter[continuous time]  
%   Transfer function:  
%    tao* s + 1  
%     --------  
%       s + 1  
%  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
num_filter= [ tao 1];  
den_filter= [1 1];  
Sys_filter=tf(num_filter,den_filter)  
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% total filtered system  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
 
%Response of total system with the added filter[con tinuous time]  
%Sys_total=Sys_initial*Sys_filter  
%   Transfer function:  
%    gain  
%    ------------------------  
%    s +1  
%  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
 
num_total= [ gain];  
den_total= [1 1];  
Sys_total=tf(num_total,den_total)  
figure(3)  
bode(Sys_initial)  
hold all  
bode(Sys_filter)  
bode(Sys_total)  
hold off  
grid on 
title( 'response of sytems[continuous time]' )  
legend( 'initial system ' , 'filter' , 'total system' )  
figure(4)  
step (Sys_initial)  
hold all  
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step(Sys_total)  
grid on 
hold off  
title( 'step response of sytems[continuous time]' )  
legend( 'step of initial ' , 'step of filtered system' )  
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%Analog to Digital filter  
%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  
%%%%%%%%%%%%%%%%%%%%% 
% Z transform  
%%%%%%%%%%%%%%%%%%%%% 
  
fs=10 ;                 %sampling frequency of MSP  
Ts=1/fs;  
Sysd_filter = c2d(Sys_filter,Ts, 'tustin' )  
 
%The next command compares the continuous and discr etized step responses  
figure(5)  
step(Sys_filter, '-' ,Sysd_filter, '--' )  
title( 'step response of high pass filter[continuous + dig ital]' )  
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%       Transfer function:  
%           Z transfer  
%          8.706 z - 8.61  
%          -----------  
%           z - 0.9048  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
  
TotalSize = size(amplitude,1);  
y=ones(TotalSize,1);  
y_trial=ones(TotalSize,1);  
  
  
for  i = 2:TotalSize  
    % discrete time domain [n]  
    % using Bilinear theorem we can convert the continu ous time domain  
    % representation to discrete time domain representa tion.  
    % y[n]= 8.706x[n] -8.61x[n-1] +0.9048y[n-1]  
     
y(i) =       8.706*y_average(i)-8.61 *y_average(i-1 )+0.9048 *y(i-1);  
     
    %after looking at the step respons of the system , we see that there is  
    %a overshoot before the signal reaches it's settlin g value  
    %thus by trial and error , we found a case where th ere is no overshoot  
    %before the signal reaches it's settling value.  
    y_trial(i)=  8.76 *y_average(i)-8.635*y_average (i-1)+0.876  *y_trial(i-1);     
end  
 
figure(6);  
plot(time,amplitude, 'm' );  
hold all  
plot(time,y, 'r' );  
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plot(time,y_trial, 'k' );  
hold off  
axis([0 100 0 1.8])  
xlabel( 'Time' );  
ylabel( 'Amplitude' );  
grid on 
title( 'step Response of filtered systems[digital]' );  
legend( 'acquired data' , 'filtered-with overshoot' , 'filtered-without overshoot' );  
  
  
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%zero pole plot  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
Sysd_initial = c2d(Sys_initial,Ts, 'tustin' )  
  
Sysd_total  = c2d(Sys_total,Ts, 'tustin' )  
  
% Set up vector for zeros  
 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%         Transfer function:  
%          8.706 z - 8.61  
%          --------------  
%            z - 0.9048  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
numz_filter=[8.706 -8.61];  
denz_filter=[1 -0.9048];  
z_filter = [roots(numz_filter)];  
p_filter = [roots(denz_filter)];  
  
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
figure(7)  
pzmap(Sys_initial)  
sgrid  
title( 'Initial system Z plane' )  
  
figure(8)  
pzmap(Sys_filter)  
sgrid  
title( 'Filter Z plane' )  
  
figure(9)  
sgrid;  
pzmap(Sys_initial)  
hold on 
sgrid;pzmap(Sys_filter)  
title( 'total system Z plane' )  
 

�
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//************************************************* *************************************************** ********* 
//---------------------------------------IC APPLICA TION TEAM - NECAMSID LAB WPI ---------------------- --------- 
//------------------------------------------------- -------MQP 2008------------------------------------ --------- 
// Matlab Script For Plotting Noise Data and Noise FFT. 
//  
// IC Applications - 2008  
//************************************************* *************************************************** ********* 

 
 
Fs = 10;                    % Sampling frequency  
T = 1/Fs;                   % Sample time  
L = 2500;                   % Length of signal - number of samples  
t = (0:L-1)*T;              % Time vector  
  
figure(2)  
 
x1 = cast(Sheet2 , 'single' );  
subplot(2,2,1)  
plot(t,x1)  
title( 'Aquired Data - New Sensor' )  
xlabel( 'time (seconds)' )  
  
NFFT = 2^nextpow2(L);        % Next power of 2 from length of y  
X1 = fft(x1,NFFT)/L;  
f1 = Fs/2*linspace(0,1,NFFT/2);  
Y1 = 2*abs(X1(1:NFFT/2));  
  
                             % Plot single-sided am plitude spectrum.  
subplot(2,2,2)  
plot(f1(1:length(f1)),20*log10(Y1(1:length(f1))))  
title( 'Single-Sided Amplitude Spectrum of Sensor in Rest' )  
xlabel( 'LOG(F)' )  
ylabel( '|Y(f)| (dB)' )  
�

�

�
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//************************************************* *************************************************** ********* 
//---------------------------------------IC APPLICA TION TEAM - NECAMSID LAB WPI ---------------------- --------- 
//------------------------------------------------- -------MQP 2008------------------------------------ --------- 
//This is the code used for the MSP430F169 uControl ler for the temperature based tilt meter 
//Main functionality: 
//1. Sample the input signal from AD8295 Instrument ation Amplifier 
// using the integrated 12bit Analog to Digital Con verter (ADC) 
//2. Multiplex between the two sensors 
//3. Drive the Reference pin of the instrumentation  Amplifier 
// using the integrated 12 bit Digital to Analog Co nverter (DAC) 
//4. Send the samples through the UART to the FT232 RL which then transfers automatically 
// the samples to a PC through USB 
//!!!Baud Rate used is 460800 !!! 
// 
// 
// IC Application Team - Vasil Savov 
// December 10th 2008 
// Rev 2.0 
//************************************************* *************************************************** ********* 
#include <msp430x16x.h> 
#define SendConverted 
#define Num_of_Results 2 
#define DELTA 1024     // Target DCO = DELTA*(4096) = 4*1048576 
#define SizeOfResults 9 
static unsigned int results [ Num_of_Results ];  // Needs to be global 
static unsigned int resultsAVG [ Num_of_Results ]; // Needs to be global 
char ResultsString [ 9]; 
char count = 0; 
void ADCconversion (); 
void RefCalibration (); 
void Set_DCO() ; 
void Initialize (); 
void UARTsendData (); 
void Convert (); 
char ReadyToSend =0; 
char WhichToSend =0; 
int DAC_Channel1 = 2700 ;     // The Ref voltage for channel 1 
int DAC_Channel2 = 2700 ;     // The Ref voltage for channel 2 
char DAC_Calibrated = 0; 
char CalCounter = 0; 
//-----------------------------------------------MA IN ------------------------------------------------ -----// 
void main ( void ) 
{ 
Initialize (); 
RefCalibration ();      // Set the Voltage for the ref pin 
ADCconversion ();      // Start Sampling 
ME1 |= UTXE0 + URXE0;     // Enabled USART0 TXD/RXD 
UCTL0 |= CHAR;      // 8-bit character, SWRST=1 
UTCTL0 |= SSEL1;      // UCLK = SMCLK 
UBR00 = 0x09 ;      // 
UBR10 = 0x00 ;      // 
UMCTL0 = 0x00 ;      // No modulation 
UCTL0 &= ~ SWRST;      // Initialize USART state machine 
DMA0SA = ( int ) ResultsString ;    // Source block address 
DMA0DA = U0TXBUF_;     // Destination single address 
DMA0SZ = SizeOfResults ;     // Block size (discard trailing 0) 
 
 
UARTsendData (); 
while ( 1) 
{        // Loop here forever - everything happens in the in terrupts 
} 
} 
//================================================F unction Definitions================================ =======// 
//-----------------------------------------------Se tting the 12 bit ADC ------------------------------ -------// 
void ADCconversion () 
{ 
ADC12CTL0 = ADC12ON+SHT0_5 + MSC + REFON + REF2_5V; // Turn on ADC12, set sampling time 
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ADC12CTL1 = CSTARTADD_1 + SHP + CONSEQ_3;  // Use sampling timer, set mode 
ADC12IE = 0x01 ;      // Enable ADC12IFG.0 
ADC12CTL1 |= 0x0010 ;     // |_ Use the MCLK 
ADC12CTL1 &= 0xFFF7 ;     // | 
ADC12CTL0 |= ENC;      // Enable conversions 
ADC12CTL0 |= ADC12SC;     // Start conversion 
_BIS_SR( GIE);      //Enable interrupts 
} 
//------------------------------------------------G eneral Initialization ----------------------------- -------// 
void Initialize () 
{ 
WDTCTL = WDTPW+WDTHOLD;     // Stop watchdog timer 
// MSP430F169 specific initialization 
P1OUT = 0x10 ;      // disable audio output stage 
P1DIR = 0x3f ;      // P1.6/P1.7 inp, all other outp 
P2OUT = 0x00 ;      // clear P2 output register 
P2DIR = 0xff ;      // unused pins as output 
P3SEL = 0x30 ;      // P3.4,5 = USART0 TXD/RXD 
P3OUT = 0x00 ;      // clear P3 output register 
P3DIR = 0xd5 ;      // all but I2C pins to output 
P4OUT = 0x00 ;      // clear P4 output register 
P4DIR = 0xff ;      // unused pins as output 
P5OUT = 0x03 ;      // clear P5 output register 
P5DIR = 0xff ;      // unused pins as output 
P6OUT = 0x00 ;      // clear P6 output register 
P6DIR = 0xf0 ;      // unused pins as output 
P6SEL |= 0x0f ;      // Enable A/D channel A0 
P5OUT&= 0xFB;      // Reset the FT232 RL Procedure 
P5OUT|= 0x04 ;      // Reset is P5.2 
Set_DCO();      // Set the DCO 
BCSCTL1&=0x0F ;      // Turn XT2 on ; enter High Freq Mode ; ACLK div = 1 
BCSCTL1 |= 0x40 ;      // 
BCSCTL2&=0x8F ;      // Select the XT2 for the MCLK ; MCLK div = 1 
BCSCTL2|= 0x80 ;      // 
ResultsString [ 0]= 0x20 ;     // Set a separator for the send data 
} 
//--------------------------------------Setting the  DCO for the specific BAUD rate ------------------- -------// 
void Set_DCO() 
{ 
unsigned int Compare, Oldcapture = 0; 
BCSCTL1 |= DIVA_3 ;     // ACLK = LFXT1CLK/8 
CCTL2 = CM_1 + CCIS_1 + CAP;    // CAP, ACLK 
TACTL = TASSEL_2 + MC_2 + TACLR;    // SMCLK, cont-mode, clear 
while ( 1) 
{ 
while (!( CCIFG & CCTL2));     // Wait until capture occurred 
CCTL2 &= ~ CCIFG;      // Capture occurred, clear flag 
Compare = CCR2;      // Get current captured SMCLK 
Compare = Compare - Oldcapture ;    // SMCLK difference 
Oldcapture = CCR2;     // Save current captured SMCLK 
if ( DELTA == Compare) 
{ 
break ;       // Break loop 
} 
else if ( DELTA < Compare) 
{ 
DCOCTL--; 
if ( DCOCTL == 0xFF)     // DCO is too fast, slow it down 
if ( BCSCTL1 & 0x07 ) 
BCSCTL1--;       // Did DCO role under?, Sel lower RSEL 
else 
break ;       // Error condition, break loop 
} 
else 
{ 
DCOCTL++;       // DCO is too slow, speed it up 
if ( DCOCTL == 0x00 ) 
if (( BCSCTL1 & 0x07 ) != 0x07 ) 
BCSCTL1++;       // Did DCO role over? Sel higher RSEL 
else 
break ;      // Error condition, break loop 
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} 
} 
CCTL2 = 0;       // Stop CCR2 
TACTL = 0;       // Stop Timer_A // Stop Timer_A 
} 
//------------------------------------------Running  the Calibration Procedure------------------------- -------// 
void RefCalibration () 
{ 
DAC12_0CTL = DAC12IR + DAC12AMP_5 + DAC12ENC;  // Internal ref gain 1 
DAC12_0DAT = 0x0999 ;     // Output of the DAC 1.5V 
} 
//------------------------------------------------S ending Data Through UART -------------------------- -------// 
void UARTsendData () 
{ 
DMACTL0 = DMA0TSEL_0;     // Use Software Trigger 
DMA0CTL = DMADT_0 + DMASRCINCR_3 + DMASBDB + DMAEN + DMADSTINCR_0 ; // Repeat, Increment Source 
for ( int TEST=0; TEST<9; TEST++)    //Loop and send the 9 characters of data 
{ 
DMA0CTL |= 0x0001 ;     // Trigger transmition 
while (!( U0TCTL&0x1 )){}     // Wait until finished transmitting the character 
} 
} 
//----------------------------------------------Con vert to ASCII Characters -------------------------- -------// 
void Convert () 
{ 
int i = 0; 
int j = 0; 
for ( i =0; i <Num_of_Results ; i ++)    // Break the number into digits and make characters  of them 
{ 
int TempVar = results [ i ]; 
for ( j =0; j <4; j ++) 
{ 
ResultsString [ 4* i +4- j ] = TempVar - (( int )( TempVar/ 10))* 10 + 0x30 ; 
TempVar=TempVar/ 10; 
} 
} 
} 
//------------------------------------------------- --Interrupt Vectors ------------------------------- -------// 
#pragma vector=ADC12_VECTOR 
__interrupt void ADC12ISR ( void ) 
{ 
P4OUT |= 0x01 ; 
for ( int i =0; i <25000 ; i ++) 
{ i 
++; 
} 
P4OUT &= 0xFE;        // This is for cheking when the reading occurs. 
if ( WhichToSend ==0) 
{ 
for ( int i =0; i <4100 ; i ++) 
{ i 
++; 
} 
results [ 1] = ADC12MEM0;       // Move results 
P4OUT &= 0xFB; 
P5OUT &= 0xFC;        // Select Channel 1 
DAC12_0DAT = DAC_Channel2 ;      // Select Output of the DAC to center Channel 1 
for ( int i =0; i <5100 ; i ++) 
{ i 
++; 
} 
WhichToSend = 1; 
} 
else 
{ 
for ( int i =0; i <4100 ; i ++) 
{ i 
++; 
} 
results [ 0] = ADC12MEM0; 
P4OUT |= 0x04 ; 
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P5OUT |= 0x01 ;        // Select Channel 2 
DAC12_0DAT = DAC_Channel1 ;      // Select Output of the DAC to center Channel 2 
for ( int i =0; i <5100 ; i ++) 
{ i 
++; 
} 
WhichToSend =0; 
if (! DAC_Calibrated )       // Do the calibration of the Reference if not calib rated 
{ 
resultsAVG [ 0]+= results [ 0]; 
resultsAVG [ 1]+= results [ 1]; 
CalCounter ++; 
if ( CalCounter == 20) 
{ 
resultsAVG [ 0]=( resultsAVG [ 0]* 1.328 )/ CalCounter ; 
resultsAVG [ 1]=( resultsAVG [ 1]* 1.328 )/ CalCounter ; 
DAC_Channel1 = 5400 - resultsAVG [ 1]; 
DAC_Channel2 = 5400 - resultsAVG [ 0]; 
DAC_Calibrated =1; 
} 
} 
else { 
Convert (); 
UARTsendData (); 
while (!( U0TCTL&0x1 )) 
{ 
} 
_NOP(); 
} 
} 
for ( int i =0; i <17000 ; i ++) 
{ i 
++; 
} 
} 
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