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OO0l ZHH AAE HA|2{ ™ http://arduino.cc/ 0| A kalman filterE 7.:.“_*.' SHA|EH B 7o & A S(0f| http://www.arduino.cc/cgi-
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//1\ 1 A Vawr 1 A~ an Y V and 7 an
1/ 1v1uu111cu Indllllall LUUU uolug l\Ull 1

1, Al Yaw 1roim a Wii MotionPlus and A, 1, ana 24 accelerometers
// Also uses "new" style Init to provide unencrypted data from the Nunchuck to avoid the XOR on each byte.

// Requires the WM+ and Nunchuck to be connected to Arduino pins D3/D4 using the schematic from Knuckles904 and johnnyonthespot

// See http://randomhacksofboredom.blogspot.com/2009/07/motion-plus—and—-nunchuck-together-on.html

// Kalman Code By Tom Pycke. http://tom.pycke.be/mav/71/kalman—filtering—of-imu—data

// Original zipped source with very instructive comments: http://tom.pycke.be/file_download/4

// Some of this code came via contributions or influences by Adrian Carter, Knuckles904, evilBunny, Ed Simmons, & Jordi Munoz

// There are two coordinate systems at play here:

// The body-fixed coordinate system, which is fixed to the platform. That is, the x—-axis is always pointing to the nose of the

// aircraft (nosecone on a rocket), the y—axis points to the right, and the z—axis points down on an airplane, (parallel to the

// earth away from you on a rocket).

// The aircraft will move with respect to the navigation frame, which is a fixed coordinate system.

// In that frame, the x—axis points north, the y—axis points east and the z-axis points down. This is called the "NED system", or

// the "Local Tangent Plane" or the "Local Geodetic Frame".

// Created by Duckhead v0.6 Yaw is done via integration of gyro data and smoothed via a Runge-Kutta 4, but there are still issues with it

A
nc

Qo] g4 0|2 (http://randomhacksofboredom.blogspot.com/2009/07/motion-plus-and-nunchuck-together-on.html 01|A1 FSEN NN

Zt0E AA FE = O 7| (http://tom.pycke.be/mav/71/kalman-filtering-of-imu-data Y| M Ex HCISH= §|, 027X XIR2E0| & Y0, ZOHEEH 23
AIE 2 http://academic.csuohio.edu/simond/courses/eec644/kalman.pdf 2f

O|2X 9l XIZ http://www.cs.unc.edu/~welch/media/pdf/kalman _intro.pdf £ 2 38| &L|C}. EESF dsPIC30E AFESE AA KalmanTestBoardV1.zip &
YAsF =0, OFFO0| e AARE H|Z=gHL| T

HO|HOM ZHHEHHE HAAMSiEH
http://kin.naver.com/gna/detail.nhn?d1id=11&dirld=1118&docld=57854287&qb=7Lm866eM7ZWE7YSw&enc=utf8&section=kin&rank=1&search s
ort=08&8spq=0&pid=gLRNMwoi5TVsss4/aiGsss--271841&sid=TNT2FAvw1EWAAC15Dr4

LIECHE 20| ZE|0 AEL(Ch

K& Ofxl 0|2 X0l X|Al0| HEB0f
A~ PO J|E 0|22 4SS UMM SIFAIZIS 7|Cfetct
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ZHOtEE = 1960 R.E.Kalman (Kalman, Rudolph, Emil) o] =& "A New Approach to Linear Filtering and Prediction Problems"

of 2 AI=E F2 Ut 07| M= X3 ZOHEHO| 82 Hote ZEXE 2I8 ot=22 7K Sa% 82 FelsiCt.
ZOEE = 29| " an optimal recursive data processing algorithm" 0|2t = 2ILC}.
PNPS

ofoi cHet ™Al A3 of7| o ZHEHS Gl 2M 1 2|0 HESEAL

o= nsstul MdHo| Apilof ot g st S| otd s s €1 2L 7PE5HAL

=22 Zc 9l H+E Ot 2 0|15 &Y =2 L+ UYO| 7HE g ZhEe Aol

gLt SH2HX| MOIE H5t7| 9l e 27 ESHAH OFA Ml H2 stdSe 8 Mo 21 UK ot 20|11, stdS2 oH-Ho of 4 eF
A H+S ZHECHL 7P AT

ojif M- YHo| BZS HASHET| Qo 7ty £2 Y2 otd otF otHO| -5 Y WotLt 0|52 BHoz TH e 7S HASE= Aotk
= |:|-2J_|_|. Zto 1} |A|2 AH7|-'5HE A OI|:|-

= [=] ET— — 1= o™ = T M

X'(1) = X1

X'(2) = (X1+X2)/2 = X'(1)*1+X2)/2

X'(3) = X1+X2+X3)/3 = (X'(2)*2+X3)/3

X'(4) = (X1+X2+X3+X4)/4 = (X'(3)*3+X4)/4

X'.(n) = (X1+X2+......+Xn)/n = (X'(n-1)*(n-1)+Xn)/n

9| Ao At A2 2T 20| WY +& YLk

X'(n) = X'(n-1)*((n-1)/n) + (1/n)*Xn ;€ £02 T Frlsje T LHELCh

O 9 Alo| 2k Q= EFZ2 BALN?

flet 22 Alg AH8E Wof ZhHHESE H2 XLtz W7l ¢SS 25 7|Ysl & 27t 8itt= AO|Ct

S oW Eos 7 i ddEH2 X(n-1) I X5 nHW| gk Xn F 74 g2 A2 OFF ZH Q0| nHRel oS 72 + UAA ECh

O|Qt Zre 7| S "HHEX XIE X 2| (recursive data processing)” O|2t1 &}, %|= Kalman Filter O] 22| 7§} 0| 2.0|7| & S}C}
NMelg Atzel 0| O2| BX| ¥ e B AR E 7| F AT SO Al&tSt= AOo| ZHEY == UL, O Xtz 2| 0| UISTHH,
SRS e |

LS
L M| AZhs Dn2oik| pE 4 g =t
ZIEE T V2 E 60E = HREHS HEHO| ZEXNO HEIRV(0 Atz 28 ME & N2|7

—_

A AHYS HOABICIR OfW B Teist Noto|

18 O[H "N (optimal)” O|2h= EHOJ0f =S & 2XL 2{0|A Mg Ofl= ZH7HS| TIO|E (2 stdol =5t 4)0| St 7IEA, 5 M= 2ots
|= 1/nQ| kS X| 7 FOI ML Q™LA 7hE X7} CHE 0= ofient?

€2 H5E 410 Az ol 3F0| A oM "RE|FsE= o ol YLCL 2t SHCHH O] 0] Lot 7tE K= 3/ng FO0{0F & Z0|Ct

o2} ol z} H|Oo|E| 7} k1 A= Exof| Ciet SRES "EFE"0[2t 1 otrf.
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ojHof= ?o| ot g H0| st &= Fo|A 27| oHE LE22 nao ZO|E A2k YCED SHA.

oF Sl 2 Ao HZ S 0| 8%, OHE o2 EAHE 0|80t0] milo| ZO|E ZFEUS W, A Bimf sHY2 10m, & HK SH2 12m 2t= g2 ¢
QUCL THof = R Z2 YYo= ZO|E ZFSACHH, Wi -2 =X §lo| & ¢t2 B0l 11m & 4ol Zo|2tn e = AL

JdgiLh, #7F BEete EXo=z W ZO|EChs EXAt2 MW 207t &ttt =22 A0|Ch J-CHH 0| F 2tS ofEA Eoalor 2nt? o = Qx|
= /g0 35 =0|Ch

oo AOM 2= o] ZFTE2 4 40| 21 A= BFHXE 7|TE2 2 Fotth £ 2 HXX|0f Uit dTE2 BT EA MSof S| oot
HEBEAFAH 245 1O 40 3582 oA N oo tist 7|0 =7t HO{X|A &Lt

EAZ M AH2[7F 10mO[X| 2 +R2 B L= FR2 W= Y5 S T EEZHAIL +-0.1mEt D 7RG SHCHE,

d2|1 BE52 12m +-1.0metd 7P StetH, 0|59 a2 ChZat 0] P Tt

H = (10%(1.0022 + 12%(0.1)~2) / (0.172+1.072) = 10.02m

?lol A= Ltts} 5HH,

X = (X1*(sd2)A2 + X2*(sd1)"2) / ((sd1)A2+(sd2)72) = (X1*(sd1)A2 - X1*(sd1)A2 + X1*(sd2)A2 + X2*(sd1)"2) / ((sd1)A2+(sd2)"2)

= X1 + (X2-X1)* [(sd1)~2 / ((sd1)A2+(sd2)~2)]
Of 7| A, X : AE|fH == (state variables) sd : EFZ=MX} (standard deviation)
@[ Orx|9} Alo] ZBH HEO| AOIM AL =3 Zf (RI0M= X1) I M2 Y= (X2)
7 o

40| |83 MZ2 XX Z} (optimized state variables) &
AASHE "HEA A 21 2|F (measurement update algorithm)" O] AZtet SEJO|Cf. (e Zta

ZHEEC| 7242 WE = HEYEZ LIEtLt

Jx o
[0 o
HU

i

Heo Mz2 £HU X of #=HA s tSa 20| A=
(sd)A2 = [(sd1)A2+(sd2)A2] / [(sd1)A2*(sd2)" 2]

OlF f1ol &= 4, 2| Mgt Xt #EHA} sd& 71ot=, S Ol 8otH AN ot = 245 g
US 7TEMHE 22 SHS AL AHEE & UL Ol = §A0M ROT X £ X1

o

2t 0|90 T2 B

O] £|1, sd = sdl O] &|0f, MER XYM BTHAN(ZSTE)2 424
X2 @ sd2 7t =L}

0|9} 22 BHE QI (recursive) 14t (data processing) S S 41X (optimal) 3 FXsHe 20| 2 TEIQ| 7|2 7)H0/2t 2 & YL

Measurement Update (“Correct™)

Time Update (“Predict™)

(1) Compute the Kalman gain

£ i I -1
K, = PHT'(HP H" + R)

(1) Project the state ahead

X, = AX, | + Bu,

(2) Update estimate with measurement
(2) Project the error covariance ahead _“—k = '%,_Q + Kk(z'k - H i:;l)
Pk = APk -1 AT + Q (3) Update the error covadance

P, = (I-KH)P},

N

113 il I . ¥ P 1 P
Initial estimates for Xp 1 and £ L1

2| YA|A www.realsys.co.kr




SYS

E: d
5l
70

—_

jod

Kr
{oF

ol

~—~

B (Extended Kalman Filter

s

2N ZEEEH oA AEEIC

1o @ X} (measurement error or

—

of chah

F

A

I

=

I.

oMol v &

I

b

(At w S

—

—

HA == -1 =0 A
| Al ERAl AEAS] 2
FAFEH, O

[

A

I%E

E1o| 7|
k.1 OICt.

=

Io

)
|

I

D0l Sarol X
Noaa
X W MK

=
=

b

m
o1 7| of| A

ZF Q2R

E._ﬁomroﬁomm
olaig HO
RORr 36 © AU
O 1l | 7 KO
__._Lm_._._H__-._ IH M._l
Lo TFIRE:
M|L|._.o_._u/w
=10

o HTR
{0 IHT
e =
5 (<)
s No
HCHnr_”_Er_"_._._

=

o

F

A

2E7}
ETE ABEL

10 K
ol T —— 1ol

00 =
oA
6

T
o|_x|rmmwv|.bo“_o
o R 2T ok

CC
= 4
lll OlEI'.

s
[E]
—

£l SUslnz A

s
=

D Qo mjm= =759l 7t
E H Q1|A| lllll OlEI’,

| M2
IC},

% oud !
oF Lo NEKIr
uj O © ™
ENICRC
o U %

W.__:m_a
oF o3t M

2| YA|A www.realsys.co.kr




0|, Update 2! . —
g I
/
(4+=3)
AlZF 2HOIE
H=)
1201 0| S A&
1249 & JI= Ky = P HI(HP R+ Ry
’i:k = A’i:k_ I +BI-‘A _ .
2 E Soll =3zl SUO0IE
., = AP, _ AT+Q

32 Sz EiEIIﬂIE

k=
=

g?lla‘cl kil A =2 k+10 A 2] 21501 =L

SYS

2| YA|A www.realsys.co.kr




// Modified Kalman code using Roll, Pitch, and Yaw from a Wii
MotionPlus and X, Y, and Z accelerometers from a Nunchuck.
// Also uses "new" style Init to provide unencrypted data from the
Nunchuck to avoid the XOR on each byte.
// Requires the WM+ and Nunchuck to be connected to Arduino pins
D3/D4 using the schematic from Knuckles904 and johnnyonthespot
// See http://randomhacksofboredom.blogspot.com/2009/07/motion-
plus-and-nunchuck-together-on.html
// Kalman Code By Tom Pycke. http://tom.pycke.be/mav/71/kalman-
filtering-of-imu-data
// Original zipped source with very instructive comments:
http://tom.pycke.be/file_download/4
// Some of this code came via contributions or influences by Ed Simmons,
Jordi Munoz, and Adrian Carter
// Created by Duckhead v0.2 some cleanup and other optimization
work remains. also need to investigate correlation of nunchuk and WMP
(which axis is which)
// simplify test by KCO 2010.11.06
#include <math.h>
#include <Wire.h>
1717717717771
struct GyroKalman{
/* These variables represent our state matrix x */
float x_angle,
x_bias;
/* Our error covariance matrix */
float P_0O,
P_01,
P_10,
P_11;
/*
* Q is a 2x2 matrix of the covariance. Because we
* assume the gyro and accelerometer noise to be independent
* of each other, the covariances on the / diagonal are 0.
* Covariance Q, the process noise, from the assumption
* Xx=Fx+Bu+w
* with w having a normal distribution with covariance Q.
* (covariance = E[ (X - E[X])*(X - E[X])' ]
* We assume is linear with dt

*/

RealSYS

OIS0l &4

float Q_angle, Q_gyro;

/*
* Covariance R, our observation noise (from the accelerometer)
* Also assumed to be linair with dt
*/

float R_angle;

2

struct GyroKalman accX;

float accelAngleX=0;
float accelAngleY=0;
float accelAngleZ=0;
byte buf[6];

//NunChuck X angle
//NunChuck Y angle
//NunChuck Z angle
// array to store arduino output

int cnt = 0; //Counter
unsigned long lastread=0;
/*

* R represents the measurement covariance noise. In this case,
* it is a 1x1 matrix that says that we expect 0.3 rad jitter

* from the accelerometer.
*/

static const float

/*

* Q is a 2x2 matrix that represents the process covariance noise.
* In this case, it indicates how much we trust the acceleromter

* relative to the gyros.

R_angle = 0.5; //.3 default

*

/
static const float Q_angle = 0.01; //0.01
(Kalman)
static const float Q_gyro = 0.04; //0.04
(Kalman)

//These are the limits of the values I got out of the Nunchuk
accelerometers (yours may vary).

const int lowX = -215;

const int highX = 221;

const int lowY = -215;

const int highY = 221;

const int lowZ = -215;

const int highZ = 255;
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/* /* The kalman predict method. See
* Nunchuk accelerometer value to degree conversion. http://en.wikipedia.org/wiki/Kalman_filter#Predict
Output is -90 to +90 (180 degrees of motion). * kalman the kalman data structure
*/ * dotAngle Derivitive Of The (D O T) Angle. This is the change in
float angleInDegrees(int lo, int hi, int measured) { the angle from the gyro. This is the value from the
float x = (hi - 10)/180.0; * Wii MotionPlus, scaled to fast/slow.
return (float)measured/x; * dt the change in time, in seconds; in other words the
} amount of time it took to sweep dotAngle
void nunchuck_init () //(nunchuck){ * Note: Tom Pycke's ars.c code was the direct inspiration for this.
// Uses New style init - no longer encrypted so no need to XOR bytes However, his implementation of this method was inconsistent
later... might save some cycles * with the matrix algebra that it came from. So I went with
Wire.beginTransmission (0x52); // transmit to device 0x52 the matrix algebra and tweaked his implementation here. */
Wire.send (0xFO); // sends memory address void predict(struct GyroKalman *kalman, float dotAngle, float dt) {
Wire.send (0x55); // sends sent a zero. kalman->x_angle += dt * (dotAngle - kalman->x_bias);
Wire.endTransmission (); // stop transmitting kalman->P_00 += -1 * dt * (kalman->P_10 + kalman->P_01) +
delay(100); dt*dt * kalman->P_11 + kalman->Q _angle;
Wire.beginTransmission (0x52);// transmit to device 0x52 kalman->P_01 += -1 * dt * kalman->P_11;
Wire.send (OxFB); // sends memory address kalman->P_10 += -1 * dt * kalman->P_11;
Wire.send (0x00); // sends sent a zero. kalman->P_11 += kalman->Q_gyro;
Wire.endTransmission (); // stop transmitting }
} /* The kalman update method. See
void initGyroKalman(struct GyroKalman *kalman, const float Q_angle, http://en.wikipedia.org/wiki/Kalman_filter#Update
const float Q_gyro, const float R_angle) { * kalman  the kalman data structure
kalman->Q_angle = Q_angle; * angle_m the angle observed from the Wii Nunchuk
kalman->Q_gyro = Q_gyro; accelerometer, in radians */
kalman->R_angle = R_angle; float update(struct GyroKalman *kalman, float angle_m) {
const float y = angle_m - kalman->x_angle;
kalman->P_00 = 0; const float S = kalman->P_00 + kalman->R_angle;
kalman->P_01 = (; const float K_0 = kalman->P_00/ S;
kalman->P_10 = Q; const float K_1 = kalman->P_10/ S;
kalman->P_11 = 0; kalman->x_angle += K 0 *y;
} kalman->x_bias += K_1 *vy;
kalman->P_00 -= K_0 * kalman->P_00;
kalman->P_01 -= K_0 * kalman->P_01;
kalman->P_10 -= K_1 * kalman->P_00;
kalman->P_11 -= K_1 * kalman->P_01;
return kalman->x_angle;
}
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// 2010.11.06 KCO
import processing.serial.*;
Serial port; // Create object from Serial class
float MAX_VAL = 65535.0;
int valO,vall; // Data received from the serial port
int[] valuesO;
int[] valuesl,;
int getY(int val) {
return (int)(val/MAX_VAL * (height-1));
}
void setup() {
int tmp;
size(800, 600);
port = new Serial(this, "COM155", 115200);
valuesO = new int[width];
valuesl = new int[width];
smooth();
}
int cr;
int cnt=0,cnt_old=0;
void draw(){
int tmp;
while(port.available() >= 6){
tmp = port.read();
if(tmp=="K'){
val0 = (port.read() <
vall = (port.read() <
cr = portread();
cnt++;
}
!
if(cnt 1= cnt_old){
cnt_old = cnt;
for (int i=0; i<width-1; i++){
valuesO[i] = valuesO[i+1];
valuesl|[i] = valuesl[i+1];

}

8) | (port.read());
8) | (port.read());

valuesO[width-1] = val0;
valuesl[width-1] = vall,;

background(0);
for (int x=1; x<width; x++) {
stroke(255,0,0); // Red
line(width-x,
stroke(0,255,0); // Green
line(width-x,
}
}
}
A IR HA=9l2] X3t 5=
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height-1-getY(valuesO[x-1]), width-1-x, height-1-getY(valuesO[x]));

height-1-getY(valuesl[x-1]), width-1-x, height-1-getY(valuesl[x]));
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