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Ivadas

Zmogaus akys nuolatos juda, netgi ir tada, kai méginama pastoviai fiksuoti nejudantj
taska. Zinoma, kad fiksacijos metu judéjimo amplitudé yra maza. Todél toks akiy judéjimas
vadinamas mikrojudéjimu. Neatsizvelgiant { mazas amplitudes, akiy mikrojudesiai gali padéti
istirti ZmogiSkus atpazinimo procesus ir diagnozuoti akiy sistemos ligas. Akiy judesiy
sekimas realiame laike gali biiti panaudojamas palengvinant neigaliy Zmoniy darbui
(pavyzdziui darbui su kompiuteriu).

Akiy judesius galima rasti pagal vyzdZio centro koordinates, kurias nustatyti galima
naudojant tam tikrus metodus. Vienas i$ §iy metody yra videookulografinis metodas.
Videookulografiniame metode yra naudojama video kamera, todél gaunamas didelis duomeny
kiekis. Kad pritaikyti videookulografini metoda realiame laike, reikalinga didé¢lé duomeny
apdorojimo sparta. Duomeny apdorojimo pagreitinimui galima naudoti srautines komandas.

Siame darbe buvo siekiama iitirti duomeny apdorojimo pagreitéjima panaudojus
stautines komandas. Todé¢l Sio tyrimo tikslas — pagreitinti vyzdzio centro koordinaciy

nustatymo metody skai¢iavimus.



1. Vyzdzio centro koordinaciy nustatymo metodika

Vienas pagrindiniy uzdaviniy, videookulografijoje, yra pagreitinti vyzdzio centro
koordina¢iy metody skai¢iavimus. Siame darbe yra iganalizuoti du vyzdZio centro koordinaéiy
nustatymo metodai: analizé tiesémis ir analizé apskritimu. Sie metodai igyvendinti dviemis
programinémis jrangomis: viena be srautiniy komandy, o kita su srautinémis komandomis.

Dvi programinés jrangos rasomos todeél, kad véliau biity galima palyginti ju gautus rezultatus.

1.1. VyzdZio centro koordinaciy nustatymo algoritmai

Vyzdzio centro koordina¢iy metody analizés algoritmas yra pateiktas 1 paveiksle.

Analizés tiesémis metodo algoritmas susideda i§ 5 Zingsniy:

1. eiluciy skenavimas;

2. stulpeliy skenavimas;

3. aproksimacija vertikalia tiese;

4. aproksimacija horizontalia tiese;

5. vyzdzio centro koordinaciy nustatymas.
Analizés apskritimu metodo algoritmas susideda i§ 3 Zingsniy:

1. eiluciy skenavimas;

2. stulpeliy skenavimas;

3. vyzdzio centro koordinaciy nustatymas.
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1 pav. Vyzdzio centro koordinaciy aptikimo algoritmas [2]

Eilu¢iy (stulpeliy) skenavimo algoritmas yra pateiktas 2 paveiksle. Atlikus §i
algoritmg yra aptinkamas vyzdzio konturas. Visi gauti taskai, kurie yra priskiriami vyzdzio

konturui, suraSomi { masyva.
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2 pav. Vyzdzio kontiiro tasky nustatymo skenavimo metodo algoritmas [2]



1.2. Analizés tiesémis metodas

Kaip jau buvo minéta, analizé tiesémis metodas yra atliekamas 5 zingsniais. Po 1 ir 2
zingsnio (eiluciy skenavimo ir stulpeliy skenavimo) yra randamas pilnas vyzdzio konturas.

Pirmajame zingsnyje yra skenuojama kiekviena eilut¢ nuo pradzios iki pabaigos.
Randamas dviejuy aptikty kontlro tasky, priklausanciy tai paciai eilutei, vidurkis. Rasti

vidurkio taskai yra aproksimuojami vertikalia linija, t.y. randama tiesés lygtis:
Y =Vy VX, (1)

kur v o ir v ; _ koeficientai. Sie koeficientai apskaiiuojami remiantis maziausiy

kvadraty metodu:

n * n 2 n * n
DI FRADIP FEEDIS #5 FEDIR &
=1 i=1 i=1

VO _ ; ! : : - 2[:1 , (2)
n*yx,” —(Xx;)
i=1 i=1

n* %xiyi - éxi * éyi
V= w2 " 5 5 (3)
n ;xi _(glxi)

kur n — tasky skai¢ius po koordinaciy vidurkinimo.

Antras zingsnis yra analogiSkas pirmajam, tik vietoje eilu¢iy yra skenuojami stulpeliai.
Randamas dviejy aptikty kontiiro taskuy, priklausanc¢iy tam paciam stulpeliui, vidurkis.
Aproksimuojant rastus vidurio taskus horizontalia linija, yra randama horizontalios tiesés
lygtis:

v =hy,+ hx; (4)

Siekiant rasti vyzdZzio centro koordinates (X o, y o) yra sprendziama lygciy sistema,

susidedanti i§ 1 ir 4 lygciy [2]:

=v, +V.X,
{y 0 1 (5)
y=hy,+ hx;
tuomet:
hy — v,
X, =—, 6
o= Th (6)



Yo =Vy tViX,. (7)

1.3. Analizés apskritimu metodas

Analiz¢ apskritimu metodas yra atliekamas 3 zingsniais. Po 1 ir 2 zingsnio (eiluciy
skenavimo ir stulpeliy skenavimo), kaip ir analizéje tiesémis metode yra randamas pilnas
vyzdzio konturas. Po eiluciy skenavimo, bei atitinkamai po stulpeliy skenavimo rasti taskai,
priklausantys vyzdzio konturui, yra suraSomi | bendra masyva.

TreCiajame Zzingsnyje (aproksimacija apskritimu) yra randami vyzdZio parametrai
(vyzdzio centro koordinatés (X ¢, yo) bei vyzdzio spindulys R). Siekiant tiksliai rasti $iuos

parametrus yra apskaic¢iuojamos maziausios kvadratinés paklaidos J, bei jos minimizuojamos:
J:zwi[(xi_xo)z+(yi_yo)2_R2]2a (8)
i=1

kur yra atliekamas visy rasty vyzdzio kontiiro tasky (x j, yi) i = 1...n sumavimas, w ; —
i-tojo tasko svoris.
Minimizuoti galima, prilyginant J dalines iSvestines pagal X ¢, y o ir R iki nulio.

Tuomet X ¢, y o ir R iSraiSkos gali buti uZraSytos taip:

. _ By-Cx-Bx-Cy
0 Ax-By—Ay-Bx’
Ay -Cx—Ax-C
Yo = Y y, 9)
Ay - Bx— Ax- By
R= L, —x)2 + (0, -y}
AT Yi=Vo) b
kur:
Ay:zwi(yi_;)'xn
i=1
By:zwi(yi_;)'yi’
i=1
I - 2 2
Cy—EZW,-(y,-—y)(xi +3.7),
i=1
(10)

n —
Ax:Zwi(xi - X)X,
i=1



Bx:zwi(xi _;)'yw
i=1

Cx:%zwi(xi _)_C)'(xi2 +yi2)’
i=1

W,V (11)

Vienas i§ svoriy skai¢iavimo metody yra atvirkséiai proporcingas kvadratiniam
nuokrypiui nuo kiekvieno tasko (x i, y i) iki zingsniu pries tai sutapatinto apskritimo:
1

Wi:d (12)

d, = (x5 = %)) = (7, = y))) — R (13)

PradZioje néra zZinoma, kurie taskai priklauso apskritimui, todé¢l visi svoriai yra lygis.
Po pirmojo Zingsnio visy taSky svoriai yra perskai¢iuojami, priklausomai nuo nuokrypio iki
iSbrézto apskritimo. Su naujai rastais tasky svoriais yra perskai¢iuojami apskritimo parametrai

XO,YOaR-

Taciau yra geriau naudoti metoda, kuris visiSkai nejvertina per daug nutolusiy tasky.

Remiantis tokiu metodu, svoris kiekvienam individualiam taskui yra randamas pagal:

d. )
w, =1-—, kai ldi <20; (14)
20 2
w, =0, kitais atvejais,
.. 1 =» -
la: o= Y(x, —x)". (15)
n—1i=

Tapdinimo ir naujy svoriy skai¢iavimo procediira yra atlickama maksimaliai 8 kartus,

arba sustabdoma tuomet, kai naujy rezultaty poky¢iai yra mazi.



Grafiskai Sis svoriy skai¢iavimo metodas pateiktas 3 paveiksle [2].

W,

1

0.5

3 pav. Grafinis svoriy skai¢iavimo metodo vaizdas

1.4. Srautiniy komandy skaiciavimo technologijos

Iprastai, procesoriai apdoroja tik vieng duomeny elementa su viena komanda.

Procesoriai, turintys srautiniy komandy itaisa, pajégia apdoroti daugiau nei viena duomeni su

viena komanda, pavyzdziui: Intel Pentium 4 procesorius, kuris palaiko SSE2 srautiniy

komandy technologijas (ziuréti priedas nr. 2) [7,3].

SSE2 registrai palaiko Siuos duomeny tipus (zitréti 1 lentelg) [5,9] :

O

(@)

(@)

vieng pilna 128 bity ilgio vertés.

du - 64 bity ilgio vertés;

keturis - 32 bity ilgio vertés;

aStuonis - 16 bity ilgio vertes;

Sesiolika - 8 bity ilgio vertes;

du dvigubo tikslumo slankaus kablelio skaicius, kurie yra 64-bity ilgio vertés;
keturis viengubo tikslumo slankaus kablelio skaicius, kurie yra 32-bity ilgio

vertes ;

10



1 lentele. SSE2 registruose palaikomi duomeny tipai [3]

Duom
eny
tipai

XMMx-registrai

1x 128
bity verte

Bitai 127 .. 0

2x 64 bity,
verté

64 bitai
registras 1

64 bitai
registras 0

4x 32 bity,
verté

32 bitai
registras 3

32 bitai
registras 2

32 bitai
registras 1

32 bitai
registras 0

8x 16 bity
verte

16 bitai
registras 7

16 bitai
registras 6

16 bitai
registras 5

16 bitai
registras 4

16 bitai
registras 3

16 bitai
registras 2

16 bitai
registras 1

16 bitai
registras 0

16x 8 bity
verté

baitas
15

baitas
14

baitas
13

baita
s 12

baitas
11

baitas
10

baitas
9

baitas
8

baitas
7

baitas
6

baitas
5

baitas
4

baitas
3

baitas
2

baitas
1

baitas
0

2x 64 bity
slankaus
kablelio

(floats)

skaiCiai

64 bity slankaus kablelio (floats) skaiCiai
registras 1

64 bity slankaus kablelio (floats) skaiCiai
registras 0

4x 32 bity
slankaus
kablelio

(floats)

skaiCiai

32 bity slankaus kablelio (floats)
skaiCiai
registras 3

32 bity slankaus kablelio (floats)
skai€iai
registras 2

32 bity slankaus kablelio (floats)
skaiCiai
registras 1

32 bity slankaus kablelio (floats)
skaiCiai
registras 0

SSE2 turi 8 registrus, kurie vadinami xmm. Siy registry i§sidéstymas pavaizduotas 4

paveiksle.

l"ﬁ 128-bits —-"'I

xmm0

xmm

xmm2

xmm3

xmmd

mms

xmméG

xmm7

4 pav. SSE2 registrai

SSE2 reikalauja operacinés sistemos palaikymo, kuri gali saugoti ir sugrazinti

procesoriaus reikiama struktiira. Siuo metu, vienintelés operacinés sistemos, kurios palaiko

SSE2 yra Microsoft Windows operacinés sistemos.

SSE2 komandos gali klasifikuotis { grupiy komandas:

o perraS§ymo operacijos;

o duomeny kilnojimas;

11




o duomeny tvarkymas;

o aritmetinés operacijos;

o loginés operacijos;

o pastumimo operacijos.

Sios instrukcijos priemonés uztikrina veiksmy pagreitéjima, ypa¢ 3 — matéje grafikoje,
fizikoje, realiame laike, video uzSifravimui / iSSifravimui, Sifravimui ir moksliniuose

tyrimuose [4,8].

2. Programiné jrangos apraSymas

Auksciau aptarti vyzdzio centro koordinaciy nustatymo metodai bei ju skai¢iavimo
pagreitinimui panaudotos srautinés komandos yra jgyvendinti dviejose programinése irangose,
kurios parasytos Borland C++ Builder 6 programavimo kalba. Siy programy veikimo
principas analogiSkas. Jos skiriasi tik tuo, kad vienoje 1§ ju yra panaudotos srautinés
komandos (zitréti priedas nr. 1). Abi programinés irangos buvo analizuojamos tuo paciu
kompiuteriu, kurio procesoriaus daznis 3,2 Ghz.

Programai inicializavus, visy pirma yra jvedami video failai (kadry sekos) ir atlickami
pradiniy salyguy nustatymai, t.y. analizavimo metodo pasirinkimas (analiz¢ tiesémis ar analizé
apskritimu). NustaCius pradines salygas, toliau yra vykdoma jvesty duomeny analizé. Po
kiekvieno kadro analizés, gauti rezultatai yra atvaizduojami ekrane. Atlikus duomeny analize,

po kiekvieno kadro, yra gaunami rezultatai (kadro analizés laikas), kurie véliau apdorojami.

3. Tyrimo rezultatai

ISanalizavus kadra analizés tiesémis metodu, gauname 5 paveiksle parodyta akies
vaizda, kur dvi susikertancios raudonos tiesés pazymi akies vyzdzio centra, o Zali taskai —

akies vyzdzio konturo taskus.

12



5 pav. Akies vyzdzio centro radimas analizés tiesémis metodu

[Sanalizavus kadrg analizés apskritimo metodu, gauname 6 paveiksle parodyta akies

vaizda, kur Zalias kryZiupas Zymi akies vyzdZio centra.

6 pav. Akies vyzdzio centro radimas analizés apskritimu metodu

13



2 lentele. AKies vyzdzio centro koordinacdiy nustatymo metody vidutiniai greicio

jvertinimai
Analizés tiesémis Analizés apskritimu vidutinis kadro
vidutinis kadro analizés laikas, ms analizés laikas, ms
AproksimacijaAproksimacija
Eiluciy | Stulpeliy Eiluciy | Stulpeliy |Aproksimacija
horizontalia | vertikalia
skenavimasiskenavimas skenavimasiskenavimas| apskritimu
tiese tiese
Be
0,904186 | 1,074749 | 0,004452 0,004344 | 0,901592 | 1,071026 | 6,546695
ISSE?2
Su
SSE2 0,328626 | 0,408684 | 0,001408 0,001377 | 0,318045 | 0,439102 | 0,943017

Lyginant 2 lentelés duomenis, matome, kad analizés tiesémis metode, daugiausia

laiko uztrunka eiluciy ir stulpeliy skenavimas, o analizés apskritimu metode daugiausia laiko

uztrunka vyzdzio centro nustatymas, naudojantis aproksimacijq apskritimu.

Analizés tiesémis
metodas
La'rl::s;} 1,074749

0,8

0,6

0,2

0,904186

Eiluciy
skenavimas

Stulpel

0,408684

iy

skenavimas

7 pav. Analizés tiesémis vidutinis kadro
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Laikas,

Analizés tiesémis
metodas

@ Be SSE2
W Su SSE2

Aproksimacija Aproksimacija
horizontalia vertikalia
tiese tiese

8 pav. Analizés tiesémis vidutinis kadro aproksimacijos

horizontalia ir vertikalia tiese laikas

Analizés apskritimu
metodas

Eiluciy Stulpeliy Aprokcimacija
skenavimas skenavimas apskritimu

9 pav. Analizés apskritimu vidutinis kadro

eiluciy ir stulpeliy skenavimo laikas
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3 lentelé. Akies vyzdZio centro koordinaciy nustatymo metody laiko paklaidos

dispersijos
Analizés tiesémis Analizés apskritimu
laiko dispersija, ms laiko dispersija, ms
AproksimacijalAproksimacijal
Eiluciy Stulpeliy Eiluciy Stulpeliy |Aproksimacija
horizontalia | vertikalia
skenavimas| skenavimas skenavimas| skenavimas | apskritimu
tiese tiese
Be
0,001163 | 0,00000012 | 0,030978 | 0,00000032 |0,0170129| 0,0513794 | 0,0329436
SSE2
Su
SSE? 0,00029026|0,0000000088 0,00000602 | 0,000000019 |0,00000354|0,0000017333| 0,000238622

4 lentelé. AKies vyzdzio centro koordinaciy nustatymo metody laiko standartinés

paklaidos jvertis

Analizés tiesémis laiko sdartinés Analizés apskritimu laiko
paklaidos jvertis, ms standartinés paklaidos jvertis, ms
AproksimacijaAproksimacijaj
Eiluciy | Stulpeliy Eiluciy | Stulpeliy |Aproksimacija
horizontalia | vertikalia
skenavimasiskenavimas skenavimasiskenavimas| apskritimu
tiese tiese
Be
0,034103 | 0,000346 | 0,176006 0,000566 | 0,130434 | 0,226670 | 0,181504
ISSE2,
Su
- 0,017037 | 0,000094 | 0,002454 0,000138 | 0,001881 | 0,001317 | 0,015447

Remiantis 3 ir 4 lentelés duomenimis, galime teigti, kad panaudojus srautines

komandas akies vyzdzio centro koordinaciy nustatymo metoduose, ju laiko grei¢io paklaidos

dispersija bei laiko standartinés paklaidos jvertis Zymiai sumazg¢ja.

16




ISvados

IS gauty rezultaty galima teigti, kad skai¢iavimy pagreitéjimas yra zymus,
panaudojus srautines komandas vyzdzio centro koordinac¢iy nustatymo metoduose.

Kadry eilu¢iy ir stulpeliy skenavimas tiek analizés tiesémis , tiek analizes
apskritimu metoduose vidutiniskai pagreitéja tris kartus. Naudojant analizés tiesémis metodo
aproksimacija horizontalia ir vertikalia tiese su srautinémis komandomis laikas vidutiniskai
pagreitéja keturis kartus, o analizés apskritimu metode atliekant aproksimacija apskritimu

laikas vidutiniSkai pagreitéja Sesis kartus.

17



Reziumé

D. Rimkus, Srautiniy komandy taikymas videookulografijoje. Siauliy universitetas,
Technologijos fakultetas, Radiotechnikos katedra, 2005.

Siame darbe videookulografiniams akiy judesiy matavimo metodams (analizé tiesémis
ir analize apskritimu) buvo pritaikytos srautinés komandos (SSE2). Juy pagalba buvo siekiama
paspartinti vyzdzio centro koordinaciy metody radimo laika. Pateiktas vyzdZio centro
aptikimo algoritmas, kuriame naudojami analizés tiesémis ir analizés apskritimu metodai.
Apzvelgtos srautineés komandos (SSE2) bei ju panaudojimo budas. Atlikti tyrimai su gautais
rezultatais, kurie parodé, kad srautiniy komandy pagalba vyzdzio centro koordinaciy

nustatymo metody laikas pagreitéjo.

Summary

D. Rimkus, The use of stream commands in videooculography. Siauliai University,
Faculty of Technology. Radioengineering departament. 2005.

There werw adapted the stream commands (SSE2) for videooculography measuring
methods of eyes movements in this activity (an analysis by straight lines and an analysis by a
circle). By their assistance the time of detection methods of eye pupil centre coordinates was
accelerated. The algorithm of eye pupil centre detection was presented in which there were
used the methods of analysis by straight lines and analysis by circles. There were presented
stream commands (SSE2) and the methods of their use. After investigetion it was determined
that the time of eye pupil centre coordinates by assistance of stream commands has been

accelerated.
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Priedas 1

Eiluciy skenavimas

void TForm1::Konturas H(int flag)
{
BYTE *Ipmatrica, *iB;
float dfi1=0.;
float dteta=0.;
float x, xp;
int BR11, BR12, BR13, BR14;
int deltal;
int 1Vyzdzioryskioriba=60;
int 1, isritis, j;
int ix, 1y;
int j1, jp;
int ntaskuk, ntaskul;
int sp;
float y[10];

Ipmatrica=(LPBYTE)&bdata[0];

ntasku=0;
for (i=0; i<f height; i++)
{
1sritis=0;
for (j=0; j<f width; j++)
{
iB=Ipmatrica+i*f width+j;
sp="*1B;
if ((sp<iVyzdzioryskioriba)&&(isritis==0))
{
BR11=j;
if (BR11>0) BR13=1; else BR13=0;
isritis=1;
}
else if (((sp>1Vyzdzioryskioriba)||(j==f width-1))&&(isritis==1)) //
j==169
{
BR12=j;
if j==f width-1) BR14=0; else BR14=1; //j=169
1sritis=0;

deltal=BR12-BR11;

if ((deltal>=15)&&(deltal <=160)) / deltal 15 160

{
ntasku++;
BR1Y[ntasku]=i;
BR1X[ntasku]=(float)BR11;
IBR1[ntasku]=BR13;
BR2Y[ntasku]=(float)i;
BR2X[ntasku]=(float)BR12;
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IBR2[ntasku]=BR14;
} J/if delta pabaiga
} /lelse if pabaiga
} // ciklo pagal j pabaiga
} // ciklo pagal i pabaiga
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Eiluciy skenavimas, panaudojant srautines komandas

void TForm1::Konturas H(int flag)
{
BYTE *1pmatrica, *iB,*iB1,*iB2,*iB3,*iB4,*iB5,*iB6,*iB7,*iB8&,*1B9,
*iB10,*1B11,*iB12,*iB13,*iB14,*iB15,*iB16;
float dfi1=0.;
float dteta=0.;
float x, xp;
int BR11, BR12, BR13, BR14;
int deltal;
//int iVyzdzioryskioriba=60;
int i, j;
int ix, 1y;
intj1, jp;
int ntaskuk, ntaskul;
Byte sp,spl,sp2,sp3,sp4,sp3,sp6,sp7,sp8,sp9,spl10,spl 1,
spl2,spl3,spl4,spl5,spl6,
isritis,BR111,BR122, carry=0;
float y[10];

1128 16 B[16]={0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0},
E[16]={255,255,255,255,255,255,255,255,255,255,255,255,255,255,255,255},
F[16]={1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16},
A[16]={59,59,59,59,59,59,59,59,59,59,59,59,59,59,59,59},
C[16]=10,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0',
H[16]={60,60,60,60,60,60,60,60,60,60,60,60,60,60,60,60} ;

Ipmatrica=(LPBYTE)&bdata[0];

ntasku=0;

for (i=0; i<240; i++)
1sritis=0x00;

for (j=0; j<304; j=j+16)
{

iB=Ipmatrica+i*f width+j;
iB1=Ipmatrica+i*f width+j+1;
iB2=lpmatrica+i*f width+j+2;
iB3=Ipmatrica+i*f width+j+3;
iB4=Ilpmatrica+i*f width+j+4;
iB5=Ipmatrica+i*f width+j+5;
iB6=Ipmatrica+i*f width+j+6;
iB7=Ipmatrica+i*f width+j+7;
iB8=Ipmatrica+i*f width+j+8;
iB9=Ipmatrica+i*f width+j+9;
iB10=Ipmatrica+i*f width+j+10;
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iB11=Ipmatrica+i*f width+j+11;
iB12=Ipmatrica+i*f width+j+12;
iB13=Ipmatrica+i*f width+j+13;
iBl4=Ipmatrica+i*f width+j+14;
iB15=Ipmatrica+i*f width+j+15;

B->il=*iB;
B->i2=*iB1;
B->i3=*iB2;
B->i4=*iB3;
B->i5=*iB4;
B->i6=*iB5;
B->i7=*iB6;
B->i8=*iB7;
B->i9=*iB$;
B->i10=*iB9;
B->il11=*iB10;
B->i12=*iB11;
B->i13=*iB12;
B->i14=*iB13;
B->il15=*iB14;
B->i16=*iB15;

asm
{

mov bl,isritis
cmp bl,0

jne LOOP2

MOVDQU xmmO,H
MOVDQU xmm1,B
pminub xmm1,xmm0

MOVDQU xmm0,A
//MOVDQU xmm1,B

pcmpgtb xmm1,xmm0
MOVDQU xmmO,E
andnpd xmm1,xmm0O

MOVDQU XMM3,XMM 1
MOVDQU XMM4,C
psadbw xmm3,xmm4
pextrw ebx,xmm3,0
pextrw eax,xmm3,4

or bl,al

cmp bl,0

JZ LOOP2

MOVDQU xmmO,F
andpd xmm1,xmmO

/Ipextrw ebx,xmm1,7
//emp bh,16
//JE LOOP4
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LOOPI:

pextrw ebx,xmm1,0
cmp bl,0

psrldg xmm1,1

JZ LOOPI

//mov as[],bl

mov isritis, 1
mov carry, 1
mov BR111,bl
jmp LOOP4

//**>I<***>I<**************>I<***>I<***>I<*************************************

LOOP2:
mov bl,isritis
cmp bl,1

jne LOOP4

MOVDQU xmmO,H
MOVDQU xmml,B
pminub xmm1,xmm0

MOVDQU xmmO0,A
//MOVDQU xmm1,B

pcmpgtb xmm1,xmm0
//MOVDQU xmm0,E
//andnpd xmm1,xmmO

MOVDQU XMM3,XMM 1
MOVDQU XMM4,C
psadbw xmm3,xmm4
pextrw ebx,xmm3,0
pextrw eax,xmm3,4

or bl,al

cmp bl,0

JZ LOOP4

MOVDQU xmmO,F
andpd xmm1,xmmO

/Ipextrw ebx,xmm1,7
//emp bh,16
//JE LOOP4

LOOP3:

pextrw ebx,xmm1,0
cmp bL,0

psrldg xmm1,1

JZ LOOP3

//mov as[],bl

mov isritis,0
mov carry,2
mov BR122,bl
LOOP4:

}
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if (isritis==1 && carry==1)
{

//isritis=0;
carry=0;
BR11=(int)BR1114j;

telse if (isritis==0 && carry==2)
{

BR12=(int)BR122+j;

carry=0;

J=320;

deltal=BR12-BR11;

if ((deltal>=15)&&(deltal <=160)) / deltal 15 160

{
ntasku++;
BR1Y[ntasku]=i;
BR1X[ntasku]=(float)BR11;
IBR1[ntasku]=1;
BR2Y[ntasku]=(float)i;
BR2X[ntasku]=(float)BR12;
IBR2[ntasku]=1;
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Stulpeliy skenavimas

void TForm1::Konturas V(int flag)
{
BYTE *Ipmatrica, *iB;
float dfi1=0.;
float dteta=0.;
float x, xp;
int BR11, BR12, BR13, BR14;
int deltal;
int 1Vyzdzioryskioriba=60;
int 1, isritis, j;
int ix, 1y;
int j1, jp;
int ntaskuk, ntaskul;
int sp;
float y[10];

Ipmatrica=(LPBYTE)&bdata[0];
ntasku=0;
for (i=0; i<f width; i++)

1sritis=0;
for (j=0; j<f height; j++)
{
iB=Ipmatrica+j*f width+i;
sp="*1B;
if ((sp<iVyzdzioryskioriba)&&(isritis==0))
{
BR11=j;
if (BR11>0) BR13=1; else BR13=0;
isritis=1;
}
else if (((sp>1Vyzdzioryskioriba)||(j==f height-1))&&(isritis==1))
{
BR12=j;
if (j==f height-1) BR14=0; else BR14=1;
isritis=0;
deltal=BR12-BR11;
if ((deltal>=20)&&(deltal<=120))
{
ntasku++;
BR1Y|[ntasku]=(float)BR11;
BR1X[ntasku]=(float)i;
IBR1[ntasku]=BR13;
BR2Y[ntasku]=(float)BR12;
BR2X[ntasku]=(float)i;
IBR2[ntasku]=BR14;
} //if delta pabaiga
} /lelse if pabaiga
} // ciklo pagal j pabaiga
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} // ciklo pagal i pabaiga
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Stulpeliy skenavimas, panaudojant srautines komandas

void TForm1::Konturas V(int flag)
{
BYTE *1pmatrica, *iB,*iB1,*iB2,*iB3,*iB4,*iB5,*iB6,*iB7,*iB8&,*1B9,
*iB10,*1B11,*iB12,*iB13,*iB14,*iB15,*iB16;
float dfi1=0.;
float dteta=0.;
float x, xp;
int BR11, BR12, BR13, BR14;
int deltal;
//int iVyzdzioryskioriba=60;
int i, j;
int ix, 1y;
int j1, jp;
int ntaskuk, ntaskul;
Byte sp,spl,sp2,sp3,sp4,sp3,sp6,sp7,sp8,sp9,spl10,spl 1,
spl2,spl3,spl4,spl5,spl6,
isritis,BR111,BR122, carry=0;
float y[10];

1128_16 B[16]=10,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0',
E[16]={255,255,255,255,255,255,255,255,255,255,255,255,255,255,255,255},
F[16]={1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16},
A[16]={59,59,59,59,59,59,59,59,59,59,59,59,59,59,59,59},
C[16]=10,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0',
H[16]={60,60,60,60,60,60,60,60,60,60,60,60,60,60,60,60} ;

Ipmatrica=(LPBYTE)&bdata[0];

ntasku=0;

for (i=0; 1<360; i++)
1sritis=0x00;

for (j=0;j<224; j=j+16)

{

iB=Ipmatrica+j*f width+i;
iB1=Ilpmatrica+(j+1)*f width+i;
iB2=Ipmatrica+(j+2)*f width+i;
iB3=Ilpmatrica+(j+3)*f width+i;
iB4=Ipmatrica+(j+4)*f width+i;
iB5=Ilpmatrica+(j+5)*f width+i;
iB6=Ipmatrica+(j+6)*f width+i;
iB7=lpmatrica+(j+7)*f width+i;
iB8=Ipmatrica+(j+8)*f width+i;
iB9=Ipmatrica+(j+9)*f width+i;
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iB10=Ipmatrica+(j+10)*f width+i;
iB11=lpmatrica+(j+11)*f width+i;
iB12=Ipmatrica+(j+12)*f width+i;
iB13=lpmatrica+(j+13)*f width+i;
iB14=Ipmatrica+(j+14)*f width+i;
iB15=lpmatrica+(j+15)*f width+i;

B->il=*iB;
B->i2=*iB1;
B->i3=*iB2;
B->i4=*iB3;
B->i5=*iB4;
B->i6=*iB5;
B->i7=*iB6;
B->i8=*iB7;
B->i9=*iB§;
B->i10=*iB9;
B->il1=*iB10;
B->i12=*iB11;
B->i13=*iB12;
B->i14=*iB13;
B->il15=*iB14;
B->i16=*iB15;

asm
{

mov bl,isritis
cmp bl,0

jne LOOP2

MOVDQU xmmO,H
MOVDQU xmml,B
pminub xmm1,xmmO

MOVDQU xmm0,A
//MOVDQU xmm1,B

pcmpgtb xmm1,xmm0
MOVDQU xmmO,E
andnpd xmm1,xmm0

MOVDQU XMM3,XMM1
MOVDQU XMM4,C
psadbw xmm3,xmm4
pextrw ebx,xmm3,0
pextrw eax,xmm3,4

or bl,al

cmp bL,0

JZ LOOP2

MOVDQU xmmO,F
andpd xmm1,xmm0O

//pextrw ebx,xmm1,7
//cmp bh,16
//JE LOOP4
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LOOPI:

pextrw ebx,xmm1,0
cmp bl,0

psrldg xmm1,1

JZ LOOP1

//mov as[],bl

mov isritis, 1
mov carry, 1
mov BR111,bl
jmp LOOP4

//*******************************************************************

LOOP2:
mov bl,isritis
cmp bl, 1

jne LOOP4

MOVDQU xmmO,H
MOVDQU xmm1,B
pminub xmm1,xmm0

MOVDQU xmm0,A
//MOVDQU xmm1,B

pcmpgtb xmm1,xmm0
//MOVDQU xmm0,E
//andnpd xmm1,xmm0

MOVDQU XMM3,XMM1
MOVDQU XMM4,C
psadbw xmm3,xmm4
pextrw ebx,xmm3,0
pextrw eax,xmm3,4

or bl,al

cmp blL,0

JZ LOOP4

MOVDQU xmmO,F
andpd xmm1,xmm0O

//pextrw ebx,xmm1,7
//cmp bh,16
//JE LOOP4

LOOP3:

pextrw ebx,xmm1,0
cmp bl,0

psrldq xmm1,1

JZ LOOP3

//mov as[],bl

mov isritis,0
mov carry,2
mov BR122.bl
LOOP4-:
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if (isritis=—=1 && carry==1)
{

//isritis=0;
carry=0;
BR11=(int)BR111+y;
ListBox2->Items->Add((float)BR11);
//ListBox1->Items->Add((B->12));
telse if (isritis==0 && carry==2)
{
BR12=(int)BR122+j;
carry=0;
//isritis=0x02;
J=240;
ListBox3->Items->Add((float)BR 12);
deltal=BR12-BR11;
if ((deltal>=20)&&(deltal<=120)) // deltal 15 160
{
ntasku++;
BR1Y[ntasku]=BR11;
BR1X[ntasku]=(float)i;
IBR1[ntasku]=1;
BR2Y[ntasku]=(float)BR12;
BR2X[ntasku]=(float)i;
IBR2[ntasku]=1;
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Aproksimacija horizontalia tiese

void TForm1::Aprok tiese H(float *X, float *Y)

{

int j;

h0=0;h1=0;

float hhO, hh1;

float SY=0, SX=0, SX2=0, SXY=0;
for(j=1;j<=x_index;j++)

{
SY+=YTj];
SX+=X[j];
SX2+=(X[1*X[D:;
SXY+=(Y[J]*X[jD;
}

hhO=(SY*SX2-SXY*SX)/(x_index*SX2-SX*SX);
hh1=(x_index*SXY-SX*SY)/(x_index*SX2-SX*SX);

if (hh1==0)
hh1=0.00000000001;

h0=-(hh0/hh1);
h1=1/hh1;
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Aproksimacija horizontalia tiese, panaudojant srautines komandas

void TForm1::Aprok tiese H(float *X, float *Y)
{

int j;
h0=0;h1=0;
float hhO, hhl;
float SY=0, SX=0, SX2=0, SXY=0;
1128 A[4]={0,0,0,0,},B[4]={0,0,0,0,},C[4]={0,0,0,0},D[4]={0,0,0,0}
,E[4]={0,0,0,0},F[4]={0,0,0,0},G[4]={0,0,0,0},
01[4]={0,0,0,0},02[4]={0,0,0,0};

asm{xorpd xmm4,xmm4}
for(j=1;)<=x_index;j++)

{
A->11=X[j];
A->12=Y]j];
B->11=X[jl;
B->12=X[j];
asm{
MOVDQU xmm2,A

MOVDQU xmm3,B

mulps xmm2,xmm3  //(0000/0000] X[j] | Y[j] |
// daugyba su

MOVDQU B,xmm2  //(0000/0000| X[j] | X[j] |
}
B->13=Y[j];
B->14=X[j];
asm{
MOVDQU xmm?2,B
addps xmm4,xmm2 /| susumuojame
} MY GIXGIXGPFXGIY G1*X])

asm{MOVDQU C,Xl’l’lm4} // isvedame gautus rezultatus

SX2=C->il;
SXY=C->i2;
SY=C->i3;
SX=C->i4;

A->11=SY;A->12=x_index;B->11=SX2;B->12=SXY;C->11=SXY;
C->12=SX;D->11=SX;D->12=SY;E->i1=x_index;E->12=x_index;
F->11=SX2;F->12=SX2;G->11=SX;G->12=SX;

asm

{ // hh0, hh1 skaiciavimas

MOVDQU xmm2,A

MOVDQU xmm3,B

mulps xmm2,xmm3

MOVDQU xmm3,C

MOVDQU xmm4,D
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mulps xmm3,xmm4
subps xmm2,xmm3
MOVDQU xmm4,E
MOVDQU xmmS5,F
mulps xmm4,xmm5
MOVDQU xmm5,G
mulps xmmS5,xmm5
subps xmm4,xmm5
divps xmm2,xmm4
MOVDQU O1,xmm2
}

hh0=01->i1;
hh1=01->12;

if (hh1==0)
hh1=0.00000000001;

h0=-(hhO/hh1);
h1=1/hh1;
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Aproksimacija vertikalia tiese

void TForm1::Aprok tiese V(float *X, float *Y)

{

int j;

v0=0;v1=0;

float SY=0, SX=0, SX2=0, SXY=0;
for(j=1;j<=y_index;j++)

{
SY+=YTj];
SX+=X[j];
SX2+=(X[1*X[D:;
SXY+=(X[J]*Y[iD:
h

vO=(SY*SX2-SXY*SX)/(y_index*SX2-SX*SX);
vl=(y_index*SXY-SX*SY)/(y_index*SX2-SX*SX);
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Aproksimacija vertikalia tiese, panaudojant srautines komandas

void TForm1::Aprok tiese V(float *X, float *Y)
{ . .
nt j;
v0=0;v1=0;
float SY=0, SX=0, SX2=0, SXY=0;
1128 A[4]={0,0,0,0,},B[4]={0,0,0,0,},C[4]={0,0,0,0},D[4]={0,0,0,0}
,E[4]={0,0,0,0},F[4]={0,0,0,0},G[4]={0,0,0,0},
01[4]={0,0,0,0},02[4]={0,0,0,0};

asm{xorpd xmm4,xmm4}
for(j=1;j<=y_index;j++)

{
A->11=X[j];
A->12=YTj];
B->11=X[j];
B->12=X[j[;
asm{
MOVDQU xmm2,A

MOVDQU xmm3,B

mulps xmm2,xmm3  //(0000/0000] X[j] | Y[j] |
/I daugyba su

MOVDQU B,xmm2  //(0000/0000| X[j] | X[j] |
}
B->13=Y[j];
B->14=X[j];
asm{
MOVDQU xmm?2,B
addps xmm4,xmm2 /| susumuojame
} MY GIXGIXGPFXGIY G1*X]]

asm{MOVDQU C,xmm4} // isvedame gautus rezultatus

SX2=C->il;
SXY=C->1i2;
SY=C->i3;
SX=C->14;

A->11=SY;A->12=y_index;B->11=SX2;B->12=SXY;C->11=SXY;
C->12=SX;D->11=SX;D->12=SY;E->il=y_index;E->12=y_index;
F->11=SX2;F->12=SX2;G->11=SX;G->12=SX;

asm

{ /I v0, v1 skaiciavimas

MOVDQU xmm?2,A
MOVDQU xmm3,B
mulps xmm2,xmm3
MOVDQU xmm3,C
MOVDQU xmm4,D
mulps xmm3,xmm4
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subps xmm2,xmm3
MOVDQU xmm4,E
MOVDQU xmmS5,F
mulps xmm4,xmm5
MOVDQU xmm5,G
mulps xmmS5,xmm5
subps xmm4,xmm5
divps xmm2,xmm4
MOVDQU O1,xmm?2
}

v0=01->i1;
v1=01->12;
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Aproksimacija apskritimu

void TForm1::Aproks apskritimu(int eye flag) // aproksimacijos apskritimu algoritmas,
// tikslinimas vyksta 8 kartus

int X korek, Y korek;
int 1,j;

float X0, YO, R;

float w[500],W;

for (j=0; j<index; j++) {w[j]=1;}
//W=0.1*index;

for (1I=1; 1<=8; i++)

{
float d[500], d1[500], xmean=0, ymean=0, Ax=0, Bx=0, Cx=0, Ay=0, By=0,
Cy=0, dsdev=0, dmean=0;

for (j=0; j<=index; j++)

{
d[j]=0;
d1[j]=0;
J
for (j=0; j<index; j++)
{
W+=w[j];
xmean+=x_konturo[j]*w[j];
ymean+=y_konturo[j]*w[j];
J

xmean=xmean/W,;
ymean=ymean/W,

for (j=0; j<index; j++)
{
Ax+=(x_konturo[j]-xmean)*w[j]*x_konturo[j];
Bx+=(x_konturo[j]-xmean)*w[j]*y_konturo[j];
Cx+=(x_konturo[j]-
xmean)*(pow(x_konturo[j],2)+pow(y_konturo[j],2))*w[j];

Ay+=(y_konturo[j]-ymean)*w[j]*x_konturo[j];
By+=(y_konturo[j]-ymean)*w[j]*y_konturo[j];
Cy+=(y_konturo[j]-
ymean)*(pow(x_konturo[j],2)+pow(y_konturo[j],2))*w[j];
}
Cx=Cx/2;
Cy=Cy/2;

X0=(By*Cx-Bx*Cy)/(Ax*By-Ay*Bx);
YO0=(Ay*Cx-Ax*Cy)/(Ay*Bx-Ax*By);
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for (j=0; j<index; j++)

{
b

R=sqrt(R/(W+0.000001));

R+=w[j]*(pow(x_konturo[j]-X0,2)+pow((y_konturo[j]-Y0),2));

if (i==1)
{
int deg;
for (deg=0; deg<=360; deg++)
{
x1[deg]=X0+R*cos(deg*M_PI1/180);
y1[deg]=YO0+R*sin(deg*M PI1/180);
}
j
if (i==8)
{
int deg;
for (deg=0; deg<=360; deg++)
{
x2[deg]=X0+R*cos(deg*M_PI1/180);
y2[deg]=YO0+R*sin(deg*M PI1/180);
}
j

for (j=0; j<index; j++)

{
d[j]=sqrt(fabs(pow(x_konturo[j]-X0,2)-pow(y_konturo[j]-Y0,2)))-R;
d1[jl=d[j}2;

}

// vektoriaus d, is index elementu, standartines deviacijos skaiciavimas

for (j=0; j<index; j*++) dmean+=d[j]; / randamas vidurkis
dmean=dmean/index;

for (j:O; j<index; j++) // skaiciuojama deviacija dsdev
dsdev+=pow(d[j]-dmean, 2);

dsdev=sqrt(dsdev/(index-1));

for (j=0; j<index; j++) // randami nauji svorio koeficientai kiekvienam taskui wfj]

{
if (d1[j]<2*dsdev)
w[j]=1- d[j]/2*dsdev;
else
w[j]=0;
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if (eye flag==0)

{
XL[nkadro nr]=X0;
YL[nkadro nr]=Y0;
RL[nkadro nr]=R;

H

else

{
XR[nkadro nr]=XO0;
YR[nkadro nr]=YO0;
RR[nkadro nr]=R;

H
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Aproksimacija apskritimu, panaudojant srautines komandas

void TForm1::Aproks apskritimu(int eye flag) // aproksimacijos apskritimu algoritmas,
// tikslinimas vyksta 8 kartus

int X korek, Y korek;
int 1,j;

float X0, YO, R;

float w[500],W;

for (j=0; j<index; j++) {w[j]=1;}
//W=0.1*index;

for (1I=1; 1<=8; 1++)

{
float d[500], d1[500], xmean=0, ymean=0, Ax=0, Bx=0, Cx=0, Ay=0, By=0,
Cy=0,xx=0, yy=0, dsdev=0, dmean=0;
1128 A[4]={0,0,0,0,},B[4]={0,0,0,0,},C[4]={0,0,0,0},D[4]={0,0,0,0}
,E[4]={0,0,0,0},F[4]={0,0,0,0},G[4]={0,0,0,0},J[4]={0,0,0,0},1[4]={0,0,0,0},
01[4]={0,0,0,0},02[4]={0,0,0,0};

for (j=0; j<=index; j++)
{

d[j]=0;

d1[j]=0;
J

asm{
xorpd xmm4,xmm4 }

for (j=0; j<index; j++)
{
A->il=x_Kkonturo[j];
A->i2=y konturo[j];
B->il=w[j];
B->i2=w([j];

asm{
MOVDQU xmm?2,A
MOVDQU xmm3,B

mulps Xmm3,xmm2 //10000[0000| x_konturo[j] | y_konturo[j] |
/I daugyba su

MOVDQU B,xmm3 /(00000000 w[j] | wj] |

}
B->i3=wl[j];

//'/0000jw[j]|x_konturo[j]*w[j]ly_konturo[j]*w(j]
asm

{
MOVDQU xmm3,B
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addps xmm4,xmm3 // susumuojame
} //'10000|w[j]Ix_konturo[j]*w[j]ly_konturo[j]*wI[j]|

asm{MOVDQU C,Xmm4} /l isvedame gautus rezultatus

xmean=C->11;

ymean=C->12;

W=C->i3;
xmean=xmean/W;
ymean=ymean/W,

B->11=xmean;
B->i12=xmean;
B->13=ymean;
B->i4=ymean;

F->11=xmean;

F->12=ymean;

asm{

xorpd xmm3,xmm3

xorpd xmm7,xmm7}
for (j=0; j<index; j++)
{

A->11=x_konturo[j];

A->12=x_konturo[j];

A->13=y_konturo[j];

A->i4=y konturol[j];

C->1l=w[j];
C->12=w[j];
C->13=wl[j];
C->i4=wl[j];
D->i1=x_konturol[j];
D->12=y konturo[j];
D->13=x_konturo[j];
D->i14=y konturo[j];
E->i11=x_konturo[j];
E->12=y konturo[j];
G->11=wl[j];
G->12=wl[j];
J->11=x_konturo[j];
J->12=x_konturo[j];
[->11=y_konturo[j];
[->12=y_konturol[j];

asm
{ //Ax, Bx, Ay, By skaiciavimas

MOVDQU xmml,B
MOVDQU xmm?2,A
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subps xmm2,xmm1 /I'l x_konturo[j] | x_konturo[j] | y_konturo[j] | y_konturo[j] |
// skirtumas su
/'l xmean | Xmean | ymean |  ymean |

MOVDQU xmml,C

mulps xmm2,xmm1 // |x_konturo[j]-xmean|x_konturo[j]-xmean|y_konturo[j]-ymean|y konturo[j]-ymean|
// dauginame su
i1 wiil lowhl 1 Wil 1 wiil |

MOVDQU xmm1,D

rnulps Xmm2,xmm1 /I'|(x_kon[j]-xmean)*w]|(x_kon[j]-xmean)*w]|(y_kon[j]-ymean)*w]|(y_kon[j]-ymean)*w|
/I dauginame su
//'| x_konturo[j] | y konturo[j] | x konturo[j] | y_ konturo[j] |

addps xmm?3 ,Xmm2 //gautus rezultatus susumuojame

MOVDQU Xrnm4,E /I Cx, Cy skaiciavimas
MOVDQU xmm5,F

SprS Xmm4,xmrn5 //10000[0000] x_konturo[j] | y_konturo[j] |
/I skirtumas su
//10000[0000]  ymean | ymean |

MOVDQU xmm5,G

mulps xmm4,xmm5 //'/0000]0000[x_konturo[j]-xmean|y konturo[j]-ymean|
/| dauginame su

/1000000000  w{jl |  wll |
MOVDQU xmm5,J

mulps xmm5,xmmS5  // x_konturo[j] kelimas kvadratu
MOVDQU xmm®6,I

mulps Xmm6,xmm6 /I y_konturo[j] kelimas kvadratu
addps xmm5,xmm6
mulps xmm4,xmm5
addps Xmm7,xmm4 //gautus rezultatus susumuojame

}
asm{ // isvedame gautus duomenis
MOVDQU O1,xmm3
MOVDQU 0O2,xmm7}
Ax=01->11;
Bx=01->12;
Ay=01->13;
By=01->14;
Cx=02->11;
Cy=02->12;
}
Cx=Cx/2;
Cy=Cy/2;

A->11=By;A->12=Ay;B->11=Cx;B->12=Cx;C->11=Bx;
C->12=Ax;D->11=Cy;D->12=Cy;E->11=Ax;E->12=Ay;
F->11=By;F->12=Bx;G->11=Ay;G->12=Ax;J->11=Bx;
J->12=By;

asm

{ // X0, YO skaiciavimas

MOVDQU xmm?2,A

MOVDQU xmm3,B

mulps xmm3,xmm?2

MOVDQU xmm?2,C
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MOVDQU xmm4,D
mulps xmm4,xmm?2
subps xmm3,xmm4
MOVDQU xmm?2,E
MOVDQU xmmé4,F
mulps xmm4,xmm?2
MOVDQU xmm2,G
MOVDQU xmm5,J
mulps xmmS5,xmm?2
subps xmm4,xmm5
divps xmm3,xmm4
MOVDQU O1,xmm3
}

X0=01->il;
Y0=01->12;

for (j=0; j<index; j++)
{
A->11=x_konturo[j];
A->12=y konturo[j];
asm
{
MOVDQU xmm2,1
subps xmm2,xmm3
mulps xmm?2,xmm2
MOVDQU 02,xmm?2
J
xx=02->11;
yy=02->12;
Re=w[j]*(xxtyy);
j

R=sqrt(R/(W+0.000001));

if (i==1)
{
int deg;
for (deg=0; deg<=360; deg++)
{
x1[deg]=X0+R*cos(deg*M_PI/180);
y1[deg]=YO0+R*sin(deg*M_PI/180);
}
}
if (i==8)
{
int deg;
for (deg=0; deg<=360; deg++)
{
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x2[deg]=X0+R*cos(deg*M_PI/180);
y2[deg]=YO0+R*sin(deg*M_PI/180);

for (j=0; j<index; j++)
{
A->11=x_konturo[j];
A->12=y konturo[j];
asm
{
MOVDQU xmm2,1
subps xmm2,xmm3
mulps xmm?2,xmm2
MOVDQU 02,xmm?2

J
xx=02->11;
yy=02->12;
d[j]=sqrt(fabs(xx-yy))-R;
d1[j]=d[j1/2;
}

// vektoriaus d, is index elementu, standartines deviacijos skaiciavimas

for (j=0; j<index; j*++) dmean+=d[j]; / randamas vidurkis
dmean=dmean/index;

for (j:O; j<index; j++) // skaiciuojama deviacija dsdev
dsdev+=pow(d[j]-dmean, 2);

dsdev=sqrt(dsdev/(index-1));

for (j=0; j<index; j++) // randami nauji svorio koeficientai kiekvienam taskui w(j]

{
if (d1[j]<2*dsdev)
w[j]=1- d[j]/2*dsdev;
else
w[j]=0;
J
W=0;

if (eye_flag==0)

{
XL[nkadro nr]=X0;
YL[nkadro nr]=Y0;
RL[nkadro nr]=R;

}
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else

{
XR[nkadro nr]=XO0;
YR[nkadro nr]=YO0;
RR[nkadro nr]=R;

}
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Priedas 2

Srautinés komandos

Instruction class Instruction Operation
movq 64 bit move from/to mmx register
Data movement
movd 32 bit move from/to mmx register
packsswhb/dw Parallel _pack signed won_'ds into bytes / dwords into
words with signed saturation
Parallel pack unsigned words into bytes / dwords into
. packuswb/dw ! . :
Data format conversion / words with un5|gned saturation
movement . .
Parallel unpack high 32 bits: bytes to words / words to
punpckhbw/wa/dg dwords / dwords to qwords
Parallel unpack low 32 bits: bytes to words / words to
punpcklbw/wd/dg dwords / dwords to qwords
paddb/w/d Parallel add for bytes / words / dwords
psubb/w/d Parallel subtraction for bytes / words / dwords
paddsb/w Parallel saturated add for signed bytes / words
paddusb/w Parallel saturated add for unsigned bytes / words
psubsb/w Parallel saturated subtraction for signed bytes / words
Parallel saturated subtraction for unsigned bytes /
psubusb/w
words
Arithmetical operations | ,maddwd Parallel multiply signed words and add the results
pmullhw Parallel multiply signed words and store high 16 bits of
results
Parallel multiply signed words and store low 16 bits of
pmulllw
results
pcmpeqblw/d Paralllel compare signed bytes / words / dwords for
equality
pempgtb/w/d |I‘3arallel com!:‘Jare signed bytes / words / dwords for
greater than
pand Parallel and operation on all 64 bits
) . pandn Parallel and not operation on all 64 bits
Logical operations
por Parallel or operation on all 64 bits
pxor Parallel xor operation on all 64 bits
psllw/d/q Parallel shift logical left words / dwords / qwords
Shift operations psraw/d Parallel shift right signed words / dwords
psriw/d/q Parallel shift right unsigned words / dwords / qwords
Enable FPU instructions | emms Resets the FPU register states to enable FPU

instructions
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prefetchx

Prefetch cache line into L1/L2/L3 cache

Store data directly into main memory, bypassing the caches

movntq
Prefetch and write- (MMX only)
through instructions Store data directly into main memory, bypassing the caches
movntps
(XMM only)
Store individual bytes directly into main memory, bypassing
mMaskmovd | i o caches (MMX only)
128 bit move from/to xmm register, memory data must be
movaps )
aligned
128 bit move from/to xmm register, memory data may be
movups .
unaligned
movss 32 bit move from/to xmm register
movlps 64 bit move from/to lower 64 bit of xmm register
XMM data movement movhps 64 bit move from/to high 64 bit of xmm register
64 bit move from lower 64 bit of xmm register to high 64 bit of
movlhps !
xmm register
64 bit move from higher 64 bit of xmm register to lower 64 bit
movhlps .
of xmm register
Extract upper bits of all dwords and store in a general
movmskps .
register
pextrw Extract word into general register
pinsrw Insert word from general register
pmovmskb | Extract upper bits of all bytes and store in a general register
pshufw Shuffle words (MMX only)
pshufps Shuffle dwords (XMM only)
unpckhps | Parallel unpack and interleave high dwords (XMM only)
Data format conversion /| nnckips | Parallel unpack and interleave low dwords (XMM only)
movement
cvtoi2Ds Parallel convert integer dwords to single precision floating
PIZPS 1 point values (XMM only)
. Convert integer dword to single precision floating point value
cvipi2ss (XMM only)
cVtos2si Parallel convert single precision floating point values to
P integer dwords (XMM only)
cviss2si Convert single precision floating point value to integer dword
(XMM only)
MMX arithmetical | pavgb/w Parallel average for unsigned bytes / words
operations , . .
pminub Parallel minimum for unsigned bytes
pmaxub Parallel maximum for unsigned bytes
pminsw Parallel minimum for signed words
pmaxsw Parallel maximum for signed words
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Parallel multiply unsigned words and store high 16 bits of

pmulhuw results
Parallel absolute difference of unsigned bytes and sum up the
psadbw
results
addps Parallel add single precision floating point values
addss Add single precision floating point value in lower 32 bits
subps Parallel subtract single precision floating point values
subss Subtract single precision floating point value in lower 32 bits
mulps Parallel multiply single precision floating point values
mulss Multiply single precision floating point value in lower 32 bits
divps Parallel divide single precision floating point values
divss Divide single precision floating point value in lower 32 bits
Parallel approximate reciprocal single precision floating point
rcpps
values
Approximate reciprocal single precision floating point value in
rcpss .
lower 32 bits
sqrtps Parallel square root single precision floating point values
sartss Square root single precision floating point value in lower 32
XMM arithmetical | 54 bits
operations , , . -
Parallel approximate reciprocal square root single precision
rsqrtps . .
floating point values
Approximate reciprocal square root single precision floating
rsqrtss ; - .
point value in lower 32 bits
minps Parallel minimum of single precision floating point values
minss Minimum of precision floating point value in lower 32 bits
maxps Parallel maximum of single precision floating point values
maxss Maximum of precision floating point value in lower 32 bits
Parallel ompare single precision floating point values and
cmpps
return masks as result
Compare single precision floating point value in lower 32 bits
cmpss
and return mask as result
. Compare single precision floating point value in lower 32 bits
comiss ; .
and return result in flag register
. Compare unordered single precision floating point value in
ucomiss ; ) )
lower 32 bits and return result in flag register
andps Parallel and operation on all 128 bits
. . andnps Parallel and not operation on all 128 bits
XMM Logical operations
orps Parallel or operation on all 128 bits
Xorps Parallel xor operation on all 128 bits
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Instruction class Instruction Operation
movntdq /| Store data directly into main memory, bypassing the
movntpd caches (XMM only)
Prefetch and  write- i Store data in general register directly into main memory,
through instructions movnt bypassing the caches
maskmovdau Store individual bytes directly into main memory,
q bypassing the caches (XMM only)
movapd /] 128 bit move from/to xmm register, memory data must be
movdqa aligned
movupd /] 128 bit move from/to xmm register, memory data may be
movdqu unaligned
movsd 64 bit move from/to xmm register
movlpd 64 bit move from/to lower 64 bit of xmm register
XMM data movement I\ o 64 bit move from/to high 64 bit of xmm register
64 bit move from lower 64 bit of xmm register to high 64
movlhpd . )
bit of xmm register
64 bit move from higher 64 bit of xmm register to lower 64
movhlpd . .
bit of xmm register
movmskpd Extract upper bits of all qwords and store in a general
register
Data format conversion / Extract upper bits of all qwords and store in a general
pmovmskpd .
movement register
pshuflw Shuffle words in lower 64 bits (XMM only)
pshufhw Shuffle words in high 64 bits (XMM only)
pshufpd Shuffle dwords (XMM only)
unpckhpd Parallel unpack and interleave high qwords (XMM only)
unpcklpd Parallel unpack and interleave low qwords (XMM only)
cvipi2nd Parallel convert integer dwords to double precision
plep floating point values (XMM only)
punpckhqdq Parallel unpack high qwords
punpckiqdq Parallel unpack lower qwords
. Convert integer dword to double precision floating point
cvipi2sd value (XMM only)
cvind2si Parallel convert double precision floating point values to
P integer qwords (XMM only)
: Convert double precision floating point value to integer
cvisd2si qword (XMM only)
cvtps2pd Parallel con_vc_art smgl_e precision floating point values to
double precision floating point values
cvipd2ps Parallel convert double precision floating point values to

single precision floating point values
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Convert single precision floating point value to double

cvtss2sd precision floating point value
cvtsd2ss Convert double precision floating point value to single
precision floating point value
cvins2d Parallel convert single precision floating point values to
ps<dq signed dword integers
cvida2ps Parallel convert signed dword integers to single precision
=P floating point values
movq2dq Move MMX register value to XMM register
movdq2q Move lower 64 bit of XMM register to MMX register
paddq Parallel add for 64 bit integers
Integer arithmetical | psubq Parallel subtraction for 64 bit integers
operations
Parallel multiply 32 bit unsigned integers and return 64 bit
pmuludg result
XMM arithmetical | addpd Parallel add double precision floating point values
operations
P addsd Add double precision floating point value in lower 64 bits
subpd Parallel subtract double precision floating point values
Subtract double precision floating point value in lower 64
subsd bits
mulpd Parallel multiply double precision floating point values
Multiply double precision floating point value in lower 64
mulsd bits
divpd Parallel divide double precision floating point values
. Divide double precision floating point value in lower 64
divsd bits
rcond Parallel approximate reciprocal double precision floating
PP point values
reosd Approximate reciprocal double precision floating point
P value in lower 64 bits
sqrtpd Parallel square root double precision floating point values
sartsd Square root double precision floating point value in lower
q 64 bits
rsartod Parallel approximate reciprocal square root double
artp precision floating point values
rsartsd Approximate reciprocal square root double precision
q floating point value in lower 64 bits
minpd Parallel minimum of double precision floating point values
minsd Minimum of precision floating point value in lower 64 bits
maxbd Parallel maximum of double precision floating point
P values
maxsd Maximum of precision floating point value in lower 64 bits
Compare double precision floating point values and
cmpps

return masks as result
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Compare double precision floating point value in lower 64

cmpsd bits and return mask as result
. Compare double precision floating point value in lower 64
comisd . . .
bits and return result in flag register
. Compare unordered double precision floating point value
ucomisd . ; : .
in lower 64 bits and return result in flag register
andpd Parallel and operation on all 128 bits
. . andnpd Parallel and not operation on all 128 bits
XMM logical operations
orpd Parallel or operation on all 128 bits
xorpd Parallel xor operation on all 128 bits
. . pslidg Shift all 128 bits left
XMM shift operations
psridq Shift all 128 bits rights, filling in zeros
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