ANALOG
DEVICES

AN-1021
K€L

One Technology Way « P.O. Box 9106 « Norwood, MA 02062-9106, U.S.A. « Tel: 781.329.4700 « Fax: 781.461.3113 - www.analog.com

ETFTMMSERRIZERN A S AR ERE
{E&: NingJia

i

AR & 2 LA B B 45 o B AR O P St i o PR
P PR AR JE R AR T A R PR 4R A SR, B S 45 o 2 SR
ARV E . SR, B Rk 15 D7 A AR B ML AR XS 55 2
ZE RGP T, m T kB AR IX, YAsRR, PIE, AR
R i A5 B A Ak bR -5 R SR B (A 5R 48 ) e kT .
AT il P55 B dpe 267 it 1) AR SE A T AR U B

Rev.0

Information furnished by Analog Devices is believed to be accurate and reliable. However, no
responsibility is assumed by Analog Devices for its use, nor for any infringements of patents or other
rights of third parties that may result from its use. Specifications subject to change without notice. No
license is granted by implication or otherwise under any patent or patent rights of Analog Devices.
Trad ks and regi  trad rk the property of their respective owners.

Bk £ D7 1R 22 MR B R — PR R T = AN S I =
RS, XML = A R CR R BOREE, Y
fi 5% DF ORI, PEAERRAC . A L 2 0 £ 08 AL BHL o fih £
B, R T — T iR /N 5 B 22 (MMSE) ) % s b i
%, RA=ZAUL RS, BeaiES s iBIiguEy, A
HERR IR T 22— AR e BT

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781.329.4700
Fax:781.461.3113

www.analog.com
©2009 Analog Devices, Inc. All rights reserved.

Rev.0 | Page 1 of 12



AN-1021 M AL

H3x

T OO 1 TITT oottt s sttt st s s e e ettt et et eteseaenenenen 7

E =3 PO 3 T ettt sttt saen 8
P R i - 7 4 FRILFUET ©eovvvererereenereeeeseesssssesessesssssssssesssssessssssssssssssssessssessssenens 8
FETMMSEM 2 s HE T oo 4 2 1L 9
FEFMMSERY 2 AR HE BB 3T o, 6 BEFLTLHIR oottt 11
FEFMMSEM 2 S AR IR e 6

Rev.0|Page 2 of 12




RS

AN-1021

¥R RE

PR 2 R R B AR Lo OB AR, BRAREIRAR,
e 1% 21 o Bl T AR R R 2 fik 45 B TS 015 ¥ o o PO S 7S #) 1
1% W EHEIRIF R P I3 0 DR £ DR 2 AT 1
I, i BE A ) — L (E R S5k BoR) . Pk, %
HL B i £ B AR By LA RS 5 1% 22 R g i DRl OS2 e, A
J5i F P AE % S b i b 385 DUAS [ B9 PR 7 g . S 8
T o A o B T i W PR A Ao fk 5 7 77 1 1 A b e
N W AR 7 PR B — LA AR

08183-001

I 1. ful #R BF iR 2

VEAEAE— A, AR AP, y), LR 2t A
KPR, y), PEMTA R L, 5HA B T
WA b, RPCC, y) HERhOSRE, SRRAEXAIY fhs B
HHKXRIKY, 43 BIFRET RIT,, 7] DA S HEBAR A RP(x,
Vo BB R EERO, K, K, TT,, &
JF T 2 2 0 B 7 1 A R
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K&, Ak

P(x, y) = P(KxRcos(0 + 0) + Tx, KyRsin(6 + 0) + Tv)

PE=Sh %L,

cos(6o + 0) = cosby cosf — sinby sinf

3
sin(6o + 0) = sinfy cosf + costy sinf
ARRLA T R
x'=RcosB,
»'=Rsin0,
x=K,Rcos@, +0)+T, =K, R(cos®, cosd —sin@, sin6 )+ T,
y=K,Rsin®, +6 )+ T, = K, R(sin®, cosd —cos0, sind )+ T,
UlEES
x =cos0K , x'-sin0K , y'+T,
y =cos0K, y'-sinbK , x'+T,
Hr.
6. K. K,. TTIRHE,
B
costK, =KX,
—sinfK, = KX,
T, =KX,
sinfK, =KY,
costK, =K,
T,=KY,
AT RIS A

x = KX, x'+KX,y'+KX,
vy =KYy'+KY,y'+KY,

AL R RESORAHEP (<, y), MIfIAFEIPCs y)., X TXh
YRS, #RESPE A=A RMARE,
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x, = KX, x, + KX, y, + KX,
x, = KX, x; + KX, y, + KX,
x, = KX,x, + KX,y, + KX,

Yo =K¥x, + KY,y, + KY,
»1 =KYx, +KY,y, + KY,
¥, =KYx, +KY,p, + KY,

FT e, WL R TR AR R

_x('J y('J 1 _KXI xo_
x{ yl' 1|e| KX, |=]| x,
Xy, 1] KX, X,
&
_xo Yo 1] _KYI yo_
x; »n 1|o|KY, |=| »
_xvz Vs 1_ _KY3 Vs ]
e IEnt b, wTULE o g 5 R I A o R KX, KX,

KX,. KY,. KY,#IKY,,
R T R BT
Bk =(x—x) (3 —y)— 0 =) (yo—y,) M

gy, <o =% )(y{—yzl‘{)—(xl —%) (Vo= 92)

KX, :( XX )(xl _xz')_(xo_xz )(xl —x;)
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KX, = yz)(xvle 7x;xz)+(ylv x;xzf xlzxo)Jr(y; x;xo 7x(')xl)
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X, =KX1x(') +KX2y(') + KX,

X, =KX1x,' +KX2y1' + KX,

xy = KX,x, +KX,y, + KX,

Yo = KYx, + KY,y, + KY,
i =KYx, + KYy, + KY,

yy =KYx, +KY,y, +KY,
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k:(ao_aszl _bZ)_(al _%Xbo_bz)

oy

KX, = (co _CZXbl _bz);(cl —02Xb0 _bz)

KX, = (cl —szao _az)_(co_czxal _az)
k

_ 2 (azcl —a45 )"" b (aocz 1) )+ b, (alCO — 4G )
k

KY, — (do _dszl _bz)_(dl _dszo _bz)
k

KX,

KY, = (dl _dzxao _az)_(do —deal _az)
k

KY, = b, (azdl —ad, )+ b (a0d2 —ayd, )+ b, (aldo - aodl)
k

ETMMSER) Z A EER T

Wittt Ha,, a, a5 b, b, by ¢, ¢, cfud,, d. d¥f
LRI, wifta . a,. a9E3T =R 5 3 ii inL
EXME, RRRED,. b b AR T = HORIE Iy i N
FEE, B, AT, o o MAERETF =R
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=R,

ETMMSER) Z R RERZHNE R

SEHEE T MMSER) 2 s A S T 520 5R
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KX, = (Co _CZXbl _bz);(cl _szbo_bz)

KX, = (cl _szao_az);(co_czxal _az)

_ b, (a2cl —a% )+ b, (aocz L) )+ b, (alco — 4G )
k

KY, = (dO_dZXbI _bZ)_(dl _dszo_bz)
k

KX,
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k
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k

KY,

4. TEIEHHAED, RIS RE(KX, KY)FT 5105 sk
HHEP S, y) IR MR
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@1 ®2 3@
@4 ®5 6®
|7 ®8 90 £
L | E

P 2. b2

B2 s, Mk bR B T . B AR

B TORB=ANSLER S IR S i = i 5. 22 TMMSERY 1L

MR T MMSER) LR S

o U= HBIERASM, BIE2PAYEL, oM
80 FHRL AL HE 2B -
KX =+1011238, KX,=—0.003952, KX,=-24.638760
KY =+0.009894, KY,=+1.005168, KY,=-130.112700

ML ERE, BAERIIESRII TR,

o JLTMMSEM LR RRER A SR, RIBE2H
1, i3, w5, R7HE9, HHBIRIAHE RN -
KX = +1.009899, KX, = ~0.002260, KX, = ~23.715720
KY,=+0.008494, KY = +1.006247, KY, = ~121.821000
MRV LSR8, Bk IR as REI T2,

o JETMMSERJLASIEERNAZ A, RIS
1, w2, w3, m4, 55, w6, w7, mi8HIE9, HDI

(3931, 3849). (2047, 3849). (164, 3849). (3931, 2047). Bl 2H0H -

(2047, 2047), (164, 2047). (3931, 246). (2047, 246) F1 (164, KX = +1011161, KX, = 0001887, KX, = ~25.777180

246), BB X ROR AR AR A (3927, 3920), (2054, KY,=+0.009718, KY = +1.006107, KY, = —126.258100

3936), (193, 3943). (3911, 2119). (2054, 2127) (195, FURLLE 28, Kl S 2 AT 253

2164), (3915, 331), (2050, 354)F1(189, 371), Wik, HEAHAR

o 55 % g 1) SR R A AR 22 R AR AR R IR 22

FR1L.EA=Z S HENGER

Point (X, Y) 1 2 3 4 5 6 7 8 9

HUARAL R (3931,3849) | (2047,3849) | (164,3849) | (3931,2047) | (2047,2047) | (164,2047) | (3931,246) | (2047,246) | (164, 246)
TR (3927,3920) | (2054,3936) | (193,3943) | (3911,2119) | (2054,2127) | (195,2164) | (3915,331) | (2050,354) | (189,371)
s i AT (3931,3849) | (2037,3846) | (155,3835) | (3922,2039) | (2044,2028) | (164,2047) | (3933,242) | (2047,246) | (165, 244)
1555 (0,0) (=10,-3) (-9,-14) | (-9,-8) (-3,-19) (0,0) (+2,-4) (0,0) (+1,-2)
RZEF T (276, 650)

F2. EFMMSERY A R BUERER

Point (X, Y) 1 2 3 4 5 6 7 8 9

AR A (3931,3849) | (2047,3849) | (164,3849) | (3931,2047) | (2047,2047) | (164,2047) | (3931,246) | (2047,246) | (164,246)
SRREARHE (3927,3920) | (2054,3936) | (193,3943) | (3911,2119) | (2054,2127) | (195,2164) | (3915,331) | (2050,354) | (189,371)
s v Al (3933,3856) | (2042,3856) | (162,3847) | (3921,2044) | (2046,2036) | (168,2057) | (3929,245) | (2046,252) | (166,253)
R (2,7) (=5,+7) (=2,-2) (-=10,-3) (=1,-11) (4,10) (=2,-1) (=1, +6) (+2,+7)
RZEF T (159,418)

3. ETFTMMSERI I R BER SR

Point (X, Y) 1 2 3 4 5 6 7 8 9
AR (3931,3849) | (2047,3849) | (164,3849) | (3931,2047) | (2047,2047) | (164,2047) | (3931,246) | (2047,246) | (164,246)
FREA AR (3927,3920) | (2054,3936) | (193,3943) | (3911,2119) | (2054,2127) | (195,2164) | (3915,331) | (2050,354) | (189,371)
s i Al AT (3938,3856) | (2044,3854) | (162,3842) | (3925,2044) | (2047,2034) | (167,2053) | (3932,245) | (2046,250) | (165,249)
R (7,7) (=3, +5) (=2,-7) (-6,-3) (0,-13) (3,6) (+1,-1) (=1,+4) (+1,+3)

L il (110, 363)
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#define N
algorithm

signed short int ReferencePoint[N][2];
signed short int SamplePoint[N][2];
double KX1, KX2, KX3, KY1l, KY2, KY3;

void Do Calibration(signed short int *Px,
using the calculated coefficients

(Px,
{

Py)

//

number of reference points for calibration

//
//
//

ideal position of reference points
sampling position of reference points

coefficients for calibration algorithm

signed short int *Py)// do calibration for point

*Px=(signed short int) (KX1* (*Px)+KX2* (*Py)+KX3+0.5) ;
*Py=(signed short int) (KY1* (*Px)+KY2* (*Py)+KY3+0.5);

int Get Calibration Coefficient()

// calculate the coefficients for calibration

algorithm: KX1, KX2, KX3, KY1l, KY2, KY3
{
int 1i;
int Points=N;
double a[3]1,b[3],c[3],d[3],k;
if (Points<3)
{
return 0;
}
else
{
if (Points==3)
{
for (1=0; i<Points; 1i++)
{
a[i]l=(double) (SamplePoint[i] [0]);
b[i]=(double) (SamplePoint[i] [1]);
c[i]=(double) (ReferencePoint[i][0]);
d[i]=(double) (ReferencePoint[1][1]);
}
}
else if (Points>3)
{
for (i=0; 1i<3; i++)
{
alil]=0;
b[i1i]1=0;
cl[i]=0;
d[i]1=0;
}
for (1i=0; i<Points; i++)
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al[2]l=al[2]+ (double) (SamplePoint[i] [0])
b[2]=b[2]+ (double) (SamplePoint[i][1]);
c[2]=c[2]+ (double) (ReferencePoint[i] [0]);
d[2]=d[2]+ (double) (ReferencePoint[1][1]);
al[0]=al[0]+ (double) (SamplePoint[i] [0]) * (double) (SamplePoint[i][0]);
al[l]l=al[l]l+ (double) (SamplePoint[i] [0]) * (double) (SamplePoint[i][1]);
b[0]=a[l];
b[1l]=b[1l]+ (double) (SamplePoint[i][1]) * (double) (SamplePoint[i] [1]);
c[0]=c[0]+ (double) (SamplePoint[i] [0]) * (double) (ReferencePoint[i] [0]) ;
cl[1l]=c[1l]+(double) (SamplePoint[i] [1])* (double) (ReferencePoint[i] [0]);
d[0]=d[0]+ (double) (SamplePoint[i] [0]) * (double) (ReferencePoint[i] [1]);
d[1]=d[1]+ (double) (SamplePoint[i] [1]) * (double) (ReferencePoint[i][1]);
}
al0]l=af0]/al2];
alll=alll/bl[2];
b[0]=bl0]/al2];
b[1l]=b[1]/b[2];
c[0]=c[0]/al2];
c[l]l=c[1l]/b[2];
d[ol=dfol/afr2i;
d[1]=d[1l]/b[2];
al[2]=al[2]/Points;
b[2]=b[2]/Points;
c[2]=c[2]/Points;
d[2]=d[2]/Points;
}
k=(al0]-al2])*(b[1l]-b[2])-(alll-al2])*(b[0]-b[2]);
KX1=((c[0]-c[2])*(b[1]-b[2])-(c[l]l-c[2])*(b[0]-Db[2 /k
KX2=((c[1l]-cl2])*(al0]-al2])-(c[0]-cl2])*(all]l-alZ2 /k
KX3=(b[0]*(a[2]*c[l]-alll*c[2])+b[1l]*(al[0]*c[2]-a[2]*c[0])+b[2]*(a[l]l*c[0]~-
KY1=((d[0]-d[2])*(b[1]-b[2])-(d[1]-d[2])*(b[0]-b[2]))/k;
KY2=((d[1]-d[2])*(a[0]-a[2])-(d[0]-d[2])*(al[l]l-al2]))/k;
KY3=(b[0]*(a[2]*d[1]-a[l]*d[2])+b[1]*(a[0]*d[2]-a[2]*d[0])+b[2]*(a[1]*d[0]~-

return Points;

Rev.0|Page 10 of 12




M AL AN-1021

S 30k

Vidales, Carlos E. “How to Calibrate Touch Screens, Embedded Systems Design.”Embedded.com, May 31, 2002. Embedded Systems
Design.May 27, 2009.

Rev.0|Page 11 of 12




AN-1021

Iz FA

£id

T

©2009 Analog Devices, Inc. All rights reserved. Trademarks and
registered trademarks are the property of their respective owners.
AN08183-0-7/09(0)

ANALOG
DEVICES

Rev.0|Page 12 of 12

www.analog.com




