| Automation Programming

Lab 2

Implementation of Digital Filter using Cortex-M4 Board




New STM32 Project

* Project Name: DigitalFilter_1stOrder

STM32 Project O X

Setup STM32 project

Project

Project Name: DigitalFiterIjstOrderi
Use default location
C:/Users/limdj/STM32Cubel DE/workspace_1.4.0

Options

Targeted Language
@®C OC++

Targeted Binary Type
@ Executable (O Static Library

Targeted Project Type
@ STM32Cube O Empty

@ < Back Next > Cancel

* Clock Configuration: HCLK 168Mhz
* Disable: FREERTOS




Sampling Frequency: 5KHz

= 168,000,000/(840*40)=5000

[ DigitalFilter_1stOrderioc 2 | [£ main.c [£ main.c

Pinout & Canfiguration c >onfiguration

Project Manager

v Software Packs ~ Pinout

4

TIMA0 Mode and Configuration N

Activated

Channel1 |Disable

v]

ADC2 [1 One Pulse Mode

ADC3
Timers it

RTC

TIM2

TIM3

T Configuration

TIM&

Reset Configuration

TIM7

TIM& @ Parameter Settings ta '

TIM3 Configure the below parameters : |
+ TIM10 =

TIMA1 Qlsearchct | @ @ 0

TIMA2 ~ Counter Settings

TIMA3 Prescaler (PSC - 16 bits value) 839

TIMA4 Counter Mode Up

Counter Period (AutoReload Register - 16 bits... 39

= Enable Timer10 Interrupt




m Question

|@ Do you want generate Code?

[ ] Remember my decision

Yes

Mo




A/D D/A Code

/* USER CODE BEGIN 2 */

HAL TIM Base Start IT(&htiml0);
HAL_DAC_Start(&hdac, DAC_CHANNEL_2);
/* USER CODE END 2 */

/* USER CODE BEGIN Callback o */
int da_value,ad value;
if (htim->Instance == TIM10@) {
HAL_ADC_ Start(&hadcl);
if (HAL_ADC PollForConversion(&hadcl, 10000) == HAL OK) {
ad _value = HAL_ADC GetValue(&hadcl);
}
da_value = ad value;
HAL DAC_SetValue(&hdac, DAC_CHANNEL 2, DAC ALIGN 12B R, (uint32_t)(da_value));

}
/* USER CODE END Callback @ */




Sampling Frequency: SKHz

= Function Generator: 100Hz sine wave

M Pos: 0.000s

Aug 01, 2020, 09:54




Sampling Frequency: SKHz

= Function Generator: 500Hz sine wave

.
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Aug 01, 2020, 10:04 |




1st Order Digital Filter
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Digital Approximation

y(t) — y(t—At)
At
y(t) — y(t—At) + Atw, y(t) = Ato u(t)
(1+Atw, ) y(t) = y(t — At) + Atw,u(t)
1

y(t) = I Ator (y(t—At) + Ata,u(t))

+w,y(t) = wu(t)




A/D D/A Code

/* USER CODE BEGIN © */
float delt, wc, u, y, oldy;
/* USER CODE END © */

/* USER CODE BEGIN 1 */
delt=0.0002; wc=100*2%*3.14;
/* USER CODE END 1 */

/* USER CODE BEGIN 2 */
HAL TIM Base Start IT(&htiml0);

HAL_DAC_Start(&hdac, DAC_CHANNEL_2);
/* USER CODE END 2 */

f. =100Hz
w. =27 -100(rad /sec)

At =1/5000




A/D D/A Code

/* USER CODE BEGIN Callback @ */

int da_value,ad value;

if (htim->Instance == TIM10) {
HAL_ADC_Start(&hadcl);
if (HAL_ADC PollForConversion(&hadcl, 10000) == HAL OK) {

ad _value = HAL_ADC GetValue(&hadcl);

}
u = (float)ad value - 2048.0;
y = (oldy + delt*wc*u)/(1+delt*wc);
oldy = y;
da_value = y + 2048.0;
HAL_DAC_SetValue(&hdac, DAC_CHANNEL_ 2, DAC_ALIGN_12B R, (uint32_t)(da_value));

}
/* USER CODE END Callback @ */
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Step Response

* Function Generator: 50Hz square wave

= Time Constant: r= 1 L —1.59 msec

[ M 2.50ms )( ch1 7 -400mV 50.0006Hz |-

Aug 01, 2020, 10:47 ]

[ M 1.00ms J(Ch1+ 000V 50.0004Hz ]
Aug 01, 2020, 11:09




= Function Generator: 50Hz sine wave

Trig'd M Pos: 0.000s

C E 500 J(ch1 7000V 50.0030Hz |
(Please wait.... Aug 01, 2020, 10:48 |




= Function Generator: 100Hz sine wave

201og (%) =-3dB

Tria'd M Pos: 0.000s

& 500mV 500 . J(ch1 000V 99.9987Hz |
Please wait.... Aug 01, 2020, 10:49 |
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= Function Generator: 5100Hz sine wave

€ E 500 | ) Ch27 000V  99.6992Hz |
(Please wait.... Aug 01, 2020, 10:52 |




2nd Order Digital Filter

Y(S) o’

n
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y(t) = %, (t)
X1(t) =X, (t)
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2nd Order Digital Filter

%)=, x(r)dz

% (t) = [ [~af% (c) - 20, %, () + wfu(z) |dz

Approximation by forward rectangular rule

X () =x{t-T)+T-x,({t-T)
X, (t) = X,(t=T) +T | % (t-T) - 26w, %, (t - T) + Ut -T) |




2nd Order Digital Filter Implementation

@, =27 x100
£=02,04,08,1

» w(rad /sec)

—40dB




Exercise 1: L+ 32 574

= 22| A= 0|0t second-order digital filterE
—+& otAl2. Resonant frequency= @, =27x100 =
JAESBHYD, damping factor=

£=02,04,08,1

Ol 41Xl gft= Uil CIs2 LiE= A4d otAl 2.
Sampling frequency= 10KHzZ oAl 2.
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“data” file format
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Log Scale
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Exercise 2: Overshoot =X
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Overshoot: Mp
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Overshoot (%)
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