B0 loc Kalman — gidi phap chong nhiéu tuyét
voi cho moi du an sir dung cam bién

M6 ta du an:

RG rang khi ta s dung cam bién, gia trj tra vé tir chung ludn thay doi quanh vi tri can
bang du la rat nho, va ban biét nguyén nhan cua hién tugng nay la do nhicu, ban luén

muon loai bé nhiéu nhung viéc d6 dudng nhu ngoai tam véi cliia ban.(-.-)... Pung lo,
ching ta da co6 giai phap, bam doc bai viét nay thoi nao!

Trong do ludng, do céc yéu to ca chu quan 1an khach quan ma két qua do dac ludn chi duoc coi
1a trong dbi 50 Vo1 gia tri thyuc can do. Do chénh léch gitra gia tri do dwoc vai gia tri thuc duoc
goi la Sai sé.

Sai s6 gy ra bai nhiéu, chiing dugc phan 1am 2 loai chinh: sai sb hé théng hodc sai s6 ngau
nhién.

Gia sir ta tién hanh do gia tri dién ap ctia mot cuc pin ning lwong mit troi, két qua thu dugc trén
d6 thi nhu sau :
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Gia str gia tri dién ap thuc ctia pin mat troi la ue=1.9545 vol.

Do anh hudng bai nhiéu yéu td trong qua trinh do dac, sai s6 xuat hién 1a diéu rat kho tranh khoi,
két qua 1a ta chi c6 thé do gia tri dién ap bang cach lay tuong doi két qua trung binh cac phép do .

Tacu=u + A e =1.95 + 1%, (v4il e lasaisd)

Phuong phéap nay dugc dé suat nam 1960 béi nha khoa hoc ¢ tén Kalman.

Pé chirng minh hiéu qua ciia phwong phép nay ching ta sé ¢6 mt phép thir mé phéng nhw
Sau.

float u0 = 100.0; // gia tri thuc (khéng dbi)
float e; // nhiéu
float u; // gia tri do dugc (cé thém nhiéu)
. void setup ()
{
Serial.begin (9600) ;
}
. void loop ()
{
10. randomSeed (millis () ) ;
11. e = (float)random (=100, 100);
12. u = ul0 + e;
13. Serial.println (u) ;
14. }

O J oy U b W

O

Nap code cho arduino rdi sau d6 m& cong Serial plotter dé xem duéi dang d thi:



@ sketch_feb22a | Arduine 1.6.11

File Edit Sketch Tools Help
Auto Format Ctrl+T
Archive Sketch
sketch_fah223 Fix Encoding & Reload
Tloat uu=
Serial Monitor Ctrl+Shift+M

float e;/ _
} Serial Plotter Ctrl+Shift+L
float u;/

vold setu WiFi101 Firmware Updater

serial. WiFi101 Firmware Updater

Board: "Arduino/Genuino Uno"
Port: "COM3 (Arduino/Genuine Uno)"
Get Beard Info

Programmer: "AVR [SP"

Burn Bootloader

intln(u);

Jgram 5 =1

of dynamic

uino Uno on COM3

Két qua hién thi trén Serial plotter:


http://k3.arduino.vn/img/2017/02/23/0/3570_81215469-1487852798-0-huong-dan-mo-serial-plotter.png

& COM3 (Arduino/Genuino Uno) - O X

200.0

|
‘ ‘
100.0 (I : ‘ ‘ ‘

arduino.vn

Xem lai code bén trén ta thay c6 vai dicu nhu sau:

Goi w=100.0 [a gia tri thuc té cta vat thé, ciing 13 gi4 tri ma ta mong mudn thu dugc, vi uo 13
hang s0, (néu nhu khong c6 nhicu). Ly tudng thi trén do thi ta s€¢ thu dugc mot duong thang song
song véi truc thoi gian t.

Thudng thi nhidu chi dao dong trong khoang e=+10% gia tri thyc da duoc coi 1a rat on roi
(noise).

Pé tang d6 kho, minh dd c6 y cho e=£100% u° bang ham Random khién cho gia tri do bi nhidu
hoan toan va gan nhu rat kho dé thu thap lan tinh toén sau nay.

Str dung b¢ loc Kalman

Nhu da théng nhét, trong thuc té uo 1a gia tri chung ta khong biét, viéc sur dung bo loc s€ phai
giup ta loai bo cac nhi€u, khi d6 gia tri do dugc phai gan duong ue=100 hon .

Vi day la mo6 phong nén gia tri u°can dugc cho trudce (chi minh va ban biét) dé co thé kiém
chimg tinh diing dan cua két qua trudc va sau khi loc. (bang cach tron u° vdi nhieu roi cho

arduino loc)

So vé6i code bén trén ,phan code nay chi can thém mot dong 1énh duy nhat:


http://k2.arduino.vn/img/2017/02/23/0/3581_88215469-1487852893-0-chua-loc.png

Goi u_kalman 1a gié tri do da qua bo loc Kalman:

u_kalman=bo_loc.updateEstimate(u);

Code
1. #include <SimpleKalmanFilter.h>
2. SimpleKalmanFilter bo loc (2, 0.001);
3.
4. float u0 = 100.0; // gia tri thuc (khéng dbdi)
5. float e; // nhié&u
6. float u; // gid tri do dugc (cé thém nhiéu)
7. float u kalman; // giad dugc loc nhiéu
8. void setup/()
9. {
10. Serial.begin (9600) ;
11. }
12. wvoid loop ()
13. |
14. randomSeed (millis()) ;
15. e = (float)random(-100,
16. u = ul + e;
17. Serial.print (u);
18. Serial.print(",");
19. u_kalman = bo loc.updateEstimate (u);
20. Serial.print (u_kalman) ;
21. Serial.println () ;
22. '}

Va day 1a két qua khi str dung thém bo loc:
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Puong mau xanh: u.

Puong mau vang: u_kalman,

Dung lai mdt chut dé quan sat dd thi, hin ban cling d@)ng v v61 minh thuat todn loc Kalman té ra
rat hi€u qua, c6 nhirng luc nhiéu don ra bién cuc dai (+100%ur). nhung gia tri van kha sat

dudng uo.

Ghép tang cac bd loc ta thu dwoce két qua chinh xac hon, tit nhién né sé dap vng
tré hon 1 tang

1. #include <SimpleKalmanFilter.h>

2. SimpleKalmanFilter bo loc (2, 2, 0.001);

3.

4. float u0 = 100.0; // gia tri thuc (khdéng dbdi)

5. float e; // nhiéu

6. float u; // giad tri do dugc (cé thém nhiéu)

7. float u kalman; // gié dugc loc nhiéu

8. void setup /()

9. {

10. Serial.begin (9600) ;

11. 1}

12. wvoid loop ()

13. |

14. randomSeed (millis () ) ;

15. e = (float)random (=100, 100);

16. u = ul0 + e;

17. Serial.print (u);

18. Serial.print (",");

19. u kalman = bo loc.updateEstimate (u); // téang 1

20. u_kalman = bo loc.updateEstimate (u_kalman); // tang 2
21. u kalman = bo loc.updateEstimate (u kalman); // tang 3
22. u_kalman = bo loc.updateEstimate (u_kalman); // téang 4
23. Serial.print (u_kalman) ;

24. Serial.println();

25. '}

Két qua cho 4 tz“mg loc
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B0 loc nay dugce str dung rong rai trong cac may tinh k¥ thuat s6 cua cac hé théng diéu khién, Hé
thong dinh vi, HE thong dién tr, RADA, v¢ tinh dan dudng de loc nhicu.

B0 loc hoat dong 6n dinh dén mirc, nd di duogc sir dung trong chuong trinh Apollo, tau con thoi
cia NASA, tau ngam Hai quan va xe ty hanh khong gian khong ngudi 1ai va vii khi, tén Itra hanh
trinh.

V6i thanh cong d6, ong ciing da nhan dugc rat nhiéu giai thuong 16n khac nhau.

https://vi.wikipedia.org/wiki/Rudolf...

A

bay la thuat todn don gian minh tim duogc, hdy vao dia chi bén dudi dé hiéu dugc y nghia cua
cac tham s6 K (Kalman Gian) ,P,Q,R....

https://malcolmmielle.wordpress.com/...

Need to tweak value of sensor and process noise
arguments

process noise covariance

measurement noise covariance

estimation error covariance */

b S S T

O ~J o U b wN

class Kalman Filter Distance ({
9. protected:

10. double q; //process noise covariance

11. double g init;

12. double r; //measurement noise covariance
13. double r init;

14. double x; //value
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double p; //estimation error covariance
double p init;
double _k; //kalman gain

public:
/*
Need to tweak value of sensor and process noise
arguments
process noise covariance
measurement noise covariance
estimation error covariance */
Kalman Filter Distance (double g, double r, double p)

P .

_al(q)
, _r(r)
, _r init(0)
,_x(0)
, _p(p)

, _Pp_init(p)
, k(p / (p+ 1))i{};
virtual void init (double x) { x = x; }
virtual void setProcessNoiseCovariance (double 1)

virtual void setMeasurementNoiseCovariance (double 1)
{

r = i;

_r init = i;
}

virtual void setEstimatiomErrorCovariance (double i)

virtual double kalmanUpdate (double measurement) ;
virtual void reset ()

g = g init;
_r = r init;
p = p init;

b

double Kalman Filter Distance::kalmanUpdate (double measurement)
{
//prediction update
//omit x = x
_b=_pF _d
//measurement update
k= p/ (p+ _1);
x = x + k * (measurement - x);
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return Xx;
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. #include <Wire.h>
. #include <HMC5883L.h>

. #include <SimpleKalmanFilter.h>
. SimpleKalmanFilter pressureKalmanFilter(l, 1, 0.001);
. HMC5883L compass;

. float x kalman;

void checkSettings ()
{
}

. void setup ()

{
Serial.begin (9600) ;

// Initialize HMC5883L
Serial.println("Initialize HMC5883L") ;
while (!compass.begin()) {
Serial.println("Could not find a valid HMC5883L sensor,
check wiring!");
delay (500) ;
}

compass.setRange (HMC5883L RANGE 1 3GA);
compass.setMeasurementMode (HMC5883L CONTINOUS) ;
compass.setDataRate (HMC5883L DATARATE 15HZ);
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26. compass.setSamples (HMC5883L SAMPLES 1);

27.

28. // Check settings

29. checkSettings () ;

30. }

31.

32. wvoid loop()

33. {

34. Vector raw = compass.readRaw () ;

35. Vector norm = compass.readNormalize () ;
36. x _kalman = pressureKalmanFilter.updateEstimate (raw.XAxis);
37. Serial.print (raw.XAxis) ;

38. Serial.print(",");

39.

40. Serial.print (x_kalman, 3);

41. Serial.println();

42 . delay (100) ;

43. '}

Test thuc té véi cam bién ap suat

@ COMS3 (Arduino/Genuino Uno)
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#include <SimpleKalmanFilter.h>
#include <SFE BMP180.h>

/*
This sample code demonstrates how the SimpleKalmanFilter object can
be used with a
pressure sensor to smooth a set of altitude measurements.
This example needs a BMP180 barometric sensor as a data source.
https://www.sparkfun.com/products/11824
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10. SimpleKalmanFilter (e mea, e est, q);

11. e mea: Measurement Uncertainty
12. e est: Estimation Uncertainty
13. g: Process Noise

14. =/

15. SimpleKalmanFilter pressureKalmanFilter (1, 1, 0.01);
16.

17. SFE BMP180 pressure;

18.

19. // Serial output refresh time

20. const long SERIAL REFRESH TIME = 100;

21. long refresh time;

22.

23. float baseline; // baseline pressure

24.

25. double getPressure ()

26. |

27. char status;

28. double T, P;

29. status = pressure.startTemperature() ;

30. if (status != 0) {

31. delay (status) ;

32. status = pressure.getTemperature (T);

33. if (status != 0) {

34. status = pressure.startPressure(3);
35. if (status != 0) {

36. delay (status) ;

37. status = pressure.getPressure (P, T);
38. if (status != 0) {

39. return (P);

40. }

471. }

42. }

43. }

44, }

45.

46. void setup ()

47. A

48.

49, Serial.begin (115200) ;

50.

51. // BMP180 Pressure sensor start

52. if (!pressure.begin()) {

53. Serial.println ("BMP180 Pressure Sensor Error!");
54. while (1)

55. ; // Pause forever.
56. }

57. baseline = getPressure() ;
58. }

59.

60. void loop ()

6l. |

62.

63. float p = getPressure()



64.
65.

66.
67.
68.
69.
70.
71.
72.
73.
4.

float altitude = pressure.altitude (p,
float estimated altitude =
pressureKalmanFilter.updateEstimate (altitude) ;

if

}

(millis ()

> refresh time)
6);

Serial.print (altitude,
Serial.print (",");

Serial.print (estimated altitude,
Serial.println();
refresh time = millis()

Test thw vién véi cam bién gia toc

{

baseline) ;

6);

+ SERIAL REFRESH TIME;

@ COM3 (Arduino/Genuino Uno)
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. #include <SimpleKalmanFilter.h>
. #include <Wire.h>
. #include
. #define RESTRICT PITCH

|
i
u, ’l|’

SimpleKalmanFilter simpleKalmanFilter (1, 1,

uint8 t i2cDatall4];

intlé_t accX;

{

. void setup()

. float accX kalman;

Serial.begin (9600) ;

Wire.begin () ;
. #if ARDUINO >= 157

// Buffer for I2C data

0.001);
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Wire.setClock (400000UL); // Set I2C frequency to 400kHz
ffelse
TWBR = ((F_CPU / 400000UL) - 16) / 2; // Set I2C frequency to
400kHz
fendif

i2cDhata[0]
1000Hz

i2cDhatal[1l] 0x00; // Disable FSYNC and set 260 Hz Acc
filtering, 256 Hz Gyro filtering, 8 KHz sampling

i2cbhata[2] = 0x00; // Set Gyro Full Scale Range to *250deg/s

i2cData[3] 0x03; // Set Accelerometer Full Scale Range to

7; // Set the sample rate to 1000Hz - 8kHz/ (7+1)

+16g
while (i2cWrite (0x19, i2cData, 4, false))
; // Write to all four registers at once
while (i2cWrite2 (0x6B, 0x01, true))
; // PLL with X axis gyroscope reference and disable sleep
mode
}
void loop ()
{

while (i2cRead(0x3B, i2cData, 14)) {

}

accX = (intl6_t) ((i2cDatal[0] << 8) | i2cDatall]);

accX _kalman = simpleKalmanFilter.updateEstimate ((float)accX);
Serial.print (accX) ;

Serial.print(",");

Serial.print (accX kalman, 3);

Serial.println () ;



