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Abstract

Recent years, house-robots have become popular with the advances in robot technology,
but there is no alternative for the tidiness of laundry by robots. We analyzed the
functions required to tidy up laundry by robots, and thought that the pairing of socks
is important. The purpose of this study is to develop a system for pairing socks
automatically by robots. This paper provides the recognition part of this system that
includes deforming detection and the similarity determination of socks by the use of
image processing and 3D information. The results show that the system could detect
deforming position and gripping point correctly, and could classify socks of same
pattern into same group. The study concludes that the method to revise the

deformation using multiple sensors is effective.
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#include<iostream>
#include<stdexcept>
#include<vector>

#include < veelr.h >
#include<opencv/cv.h>
#include<opencv/highgui.h>

#include<XnCppWrapper.h>
#include"sqlite3.h"

/#include "afxinet.H"
const char* CONFIG_XML_PATH = "SamplesConfig.xml";

int flag=1;
int center = 0;

using namespace std;

using namespace xn;

using namespace cv;

using namespace System;

using namespace System::Net;
using namespace System::Xml;
using namespace System::Drawing;
using namespace System::Windows;

//IRGBE 7 &L O H{k

inline XnRGB24Pixel xnRGB24Pixel(int r, int g, int b){
XnRGB24Pixel pixel = {r, g, b}
return pixel;

175 Fe Ao 1R %
Ipllmage* BGD(IplImage* moto,Ipllmage* ima, int channeD){

cvSavelmage( "Data¥¥BGDmoto.png", moto);
cvSavelmage( "Data¥¥BGDima.png", ima);

IplIlmage* motoimage =
cvLoadImage("Data¥¥BGDmoto.png",CV_LOAD_IMAGE_ANYCOLOR);

IplIlmage* imaimage =
cvLoadlmage("Data¥¥BGDima.png",CV_LOAD_IMAGE_ANYCOLOR);

IplImage* saimage =
cvLoadImage("Data¥¥BGDima.png",CV_LOAD_IMAGE_ANYCOLOR);

Ipllmage* gray = cvCreateImage(cvSize(640, 480),
IPL_DEPTH_8U, 1);

IplImage* niti = cvCreateImage(cvSize(640, 480),
IPL_DEPTH_8U, 1);

IplImage* sabun = cvCreateImage(cvSize(640, 480),
IPL_DEPTH_8U, channel);

if(channel == 3){
int pix =
motoimage->widthStep*motoimage->height;
for(int i=0; i<pix; i++) {
inte=
imaimage->imageDatalil - motoimage->imageDatalil;

if(abs(c)<10)saimage->imageDatali] = 0;

cvCvtColor(saimage, gray, CV_BGR2GRAY);

cvThreshold(gray, niti, 75, 255,
CV_THRESH_BINARY);

cvErode(niti,niti, NULL,1);

cvDilate(niti,niti, NULL,2);

cvErode(niti,niti, NULL,1);

cvCopy(ima,sabun,niti);

cvSavelmage( "Data¥¥niti.png", niti);
return sabun;
}
if(channel == 1){
int pix =
motoimage->widthStep*motoimage->height;
for(int i=0; i<pix; i++) {
intc=
imaimage->imageDatali] - motoimage->imageDatalil;

if(abs(c)<2)saimage->imageDatali] = 0;

return saimage;

}

JlevSavelmage( "Data¥¥outputl.png", saimage);
/levSavelmage( "Data¥¥output3.png", sabun);
}

int main(int arge, char * argv[){
Ipllmage* camera = 0;
Ipllmage* depthcamera = 0;

Mat depthshow;
IplImage* depthc = 0;
int flag = 0;

tryt
a7 %2 MIE
Context context;
XnStatus rc =
context.InitFromXmlFile(CONFIG_XML_PATH);
if(rc!=XN_STATUS_OK)throw
runtime_error(xnGetStatusString(rc));

A=V =3 L—2AERR

ImageGenerator imagegenerator;

re=
context.FindExistingNode(XN_NODE_TYPE_IMAGE,imagegenerator);

if(rc!=XN_STATUS_OK)throw
runtime_error(xnGetStatusString(rc));

WFTAY =3 L—Z B

DepthGenerator depthgenerator;

re=
context.FindExistingNode(XN_NODE_TYPE_DEPTH,depthgenerator);

if(rc!=XN_STATUS_OK)throw
runtime_error(xnGetStatusString(rc));

NHAZ YA ZXDA A—HER
XnMapOutputMode outputMode;

imagegenerator.GetMapOutputMode(outputMode);
camera =
cvCreatelmage(cvSize(outputMode.nXRes,
outputMode.nYRes),IPL_DEPTH_8U,3);
depthcamera =
cvCreatelmage(cvSize(outputMode.nXRes,
outputMode.nYRes),IPL_DEPTH_8U,1);

ImageMetaData imageMD;
DepthMetaData depthMD;

bool isDetected = true;

V/E:ZRIN
bool isShowImage = true;

const int BIT = 12;

while(1){
17— FEFifE S
context.WaitAndUpdateAll();
17— 2 A%

imagegenerator.GetMetaData(imageMD);
IR T — 2 B i

depthgenerator.GetMetaData(depthMD);
T 7 ADERG A X =TI b
btd

depthgenerator.GetAlternativeViewPointCap().SetViewPoi
nt(imagegenerator);

//Mat
depth16(480,640,CV_16SC1,(unsigned short*)depthMD.WritableData();
//imshow("depth16",depth16);

/ldepth16.convertTo(depthshow,CV_8U,-255/4096.0,255);
/limshow("depth",depthshow);



/lprintf("%d¥n",depthshow.data[240*depthshow.step+320));

memcpy(camera->imageData,
imageMD.Data(), camera->imageSize);

cvCvtColor(camera, camera,
CV_BGR2RGB);

/*for(int y = 0 y < 480; ++y) {
I/ ipldepth® & 27 B VT —Z ~DRA > 4
unsigned
char* pDepthImgData = (unsigned char*)(depthcamera->imageData +y *
depthcamera->widthStep);
/| Kinect DIEEF —Z DRA » Z
short*
pKinectDepth = (short*)(depthMD.WritableData() +y *
depthcamera->widthStep);
for(int x = 0 x

< 640; ++x)
I Kinect DURET — & & Wfy » Ar—1) > 7
int depthValue = (int)(255.0 * pKinectDepth[x] / ((0x1 <<
BIT) - 1));

I RET — % OFGE (FEE LI 4 8 2 723551 T4

pDepthImgDataldepthcamera->nChannels * x] =
depthValue > 255 ? (unsigned char)0 : (unsigned char)-depthValue;
i
i

printf("%d¥n",depthcamera->imageData[240*depthcamera-
>widthStep+320]);*/

L e PR (o

memcpy(depthcamera->imageData, imageMD.Data(),
depthcamera->imageSize);
for(int y = 0; y < 480; ++y) {
for(int x = 0; x

< 640; ++x) {
int kyori = depthMD(x,y);
int bright = (kyori)-550;
if(bright < 0| | bright > 255)bright = 255;
depthcamera->imageDataly*depthcamera->widthStep+x] =
bright;
}
}
I1printf("%d",depthMD(320,240));
n
1L e A U AL
if(flag == D{
cvSavelmage("Data¥¥ima.png", camera);
cvSavelmage("Data¥¥imadepth.png", depthcamera);
IplImage*
motoimage =
cvLoadImage("Data¥¥moto.png",CV_LOAD_IMAGE_ANYCOLOR);
IplImage*
imaimage =
cvLoadlmage("Data¥¥ima.png",CV_LOAD_IMAGE_ANYCOLOR);
Ipllmage*

sabunimage = cvCreateIlmage(cvSize(640, 480), IPL_DEPTH_8U, 3);

Ipllmage*
motodepth =
cvLoadlmage("Data¥¥motodepth.png",CV_LOAD_IMAGE_ANYCOLOR);

Ipllmage*
imadepth =
cvLoadlmage("Data¥¥imadepth.png",CV_LOAD_IMAGE_ANYCOLOR);

Ipllmage*

sabundepth = cvCreateImage(cvSize(640, 480), IPL,_DEPTH_8U, 1);

sabunimage =
BGD(motoimage,imaimage,3);

cvSavelmage( "Data¥¥output4.png", sabunimage);

sabundepth =

BGD(motodepth,imadepth,1);
cvSavelmage( "Data¥¥output5.png", sabundepth);
flag = 0;

nr

cvShowImage("Image",camera);

cvShowImage("Depth",depthcamera);
NF—A X b
char key = cvWaitKey(10);
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if(key == 2D //ESCHF —
break;

}

if(key == 13){
flag=1;

}
if(key == 's){

cvSavelmage("Data¥¥moto.png", camera);

cvSavelmage("Data¥¥motodepth.png", depthcamera);
center =
depthMD(320,240);

printf("%d¥n",center);
}
if(key == 'e){

cvSavelmage("Data¥¥ima.png", camera);

}

}

catch(exception& ex){
cout<<ex.what(<<endl;

}
cvReleaselmage(&camera);

return 0;

#include<iostream>
#include<string>
#include<stdexcept>
#include<vector>
#include<opencv/cv.h>
#include<opencv/highgui.h>
#include <sstream>

using namespace cv;

int
main (int arge, char **argv){

int i;
float *line, rho, theta;
double a, b, x0, y0;
Ipllmage *src_img_std = 0, *src_img_prob = 0, *src_img_gray = 0;
CvMemStorage *storage;
CvSeq *lines = 0;
CvPoint *point, pt1, pt2;

int sum = 0, count = 0, ave = 0;
I D F5E AR T

/lsrc_img_gray = cvLoadImage ("Now¥¥Depth.png",
CV_LOAD_IMAGE_GRAYSCALE);

Jlsrc_img_prob = cvLoadImage ("Now¥¥Depth.png",
CV_LOAD_IMAGE_COLOR);

src_img_gray = cvLoadImage ("Now¥¥imal.png",
CV_LOAD_IMAGE_GRAYSCALE);
src_img_prob = cvLoadlmage ("Now¥¥imal.png",



CV_LOAD_IMAGE_COLOR);

/Isrc_img_gray = cvLoadImage ("Now¥¥DRGB.png",
CV_LOAD_IMAGE_GRAYSCALE);

/Isrc_img_prob = cvLoadImage ("Now¥¥DRGB.png",
CV_LOAD_IMAGE_COLOR);
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//int pix = src_img_gray->widthStep*src_img gray->height;
Jifor(int i=0; i<pix; i++) {
/I if(src_img_gray->imageDatalil!=0){
/I sum += src_img_gray->imageDatalil;
/I count++;
I}
1t
/lave = (sum / count)*0.95;
/lprintf("%d",ave);
Jifor(int i=0; i<pix; i++) {
/I if(src_img_gray->imageDatalil>ave)l
/I src_img_gray->imageDatalil = 0;
I}
1t
/levSavelmage("Now¥¥imal.png", src_img_gray);

I/

Ipllmage* src_img_red = cvLoadImage ("Now¥¥red.png",
CV_LOAD_IMAGE_COLOR);

uchar p[3];

CvPoint RedPoint[1000];

CvPoint center, center2;

int Pcount = 0;

for(int y=0; y<src_img_red->height; y++) {
for(int x=0; x<src_img_red->width; x++) {
plo] =
src_img_red->imageDatalsrc_img_red->widthStep * y + x * 3 +0];
pli] =
src_img_red->imageDatalsrc_img_red->widthStep * y + x * 3 +1];
pl2] =
src_img_red->imageDatalsrc_img_red->widthStep * y + x * 3 +2];
if(p[0]==0&&pl1]==0& &p[2]==255)1
RedPoint[Pcount].x = x;
RedPoint[Pcount].y = y;
Pcount++;

}

printf("%d,%d¥n",RedPoint[0].x,RedPoint[0].y);
printf("%d,%d¥n",RedPoint[Pcount-1].x,RedPoint[Pcount-1].y);

int RedX = RedPoint[Pcount-1].x - RedPoint[0].x;
int RedY = RedPoint[Pcount-1l.y - RedPoint[0].y;
float katamuki = float(RedY)/float(RedX);

float gyaku = -10/katamuki;

center.x = RedPoint[Pcount-1].x - (RedX/2);
center.y = RedPoint[Pcount-1].y - (RedY/2);

center2.x = center.x - 10;
center2.y = center.y - int(gyaku);

cvCircle(src_img_red,center,1,CV_RGB (255, 255, 0),5,8,0);
printf("%d,%d¥n", RedX/2,RedY/2);

printf("%d,%d¥n", center.x,center.y);

printf("%d,%d¥n", center2.x,center2.y);

printf("%f¥n", katamuki);

printf("%f¥n", gyaku);
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/levCanny (src_img_gray, src_img_gray, 50, 200, 3);
llevSavelmage("Now¥¥Canny.png", src_img_gray);
storage = cvCreateMemStorage (0);

IE=RE N7 ZEHAT X 2 5y DR & MR U 7oy O R
lines = 0;

lines = cvHoughLines2 (src_img_gray, storage,
CV_HOUGH_PROBABILISTIC, 1, CV_PI/ 180, 50, 0, 10);
printf("%d", lines->total);
for (i = 0; i < lines->total; i++) {
point = (CvPoint *) cvGetSeqElem (lines, 1);
cvLine (src_img_prob, point[0], point[1], CV_RGB (255, 0, 0), 3, 8, 0);
¥
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cvNamedWindow ("Hough_line_probalistic", CV_WINDOW_AUTOSIZE);

cvShowImage ("Hough_line_probalistic", src_img_prob);

cvNamedWindow ("Red", CV_WINDOW_AUTOSIZE);
cvShowImage ("Red", src_img_red);
cvSavelmage("Now¥¥center.png", src_img_red);

cvSavelmage("Now¥¥ima.png", src_img_prob);
cvWaitKey (0);

cvDestroyWindow ("Hough_line_probalistic");
cvReleaselmage (&src_img_prob);
cvReleaseImage (&src_img_gray);

cvDestroyWindow ("Red");
cvReleaselmage (&src_img_red);

cvReleaseMemStorage (&storage);

return 0;

#include<iostream>
#include<string>
#include<stdexcept>
#include<vector>
#include<opencv/cv.h>
#include<opencv/highgui.h>
#include <sstream>

using namespace std;
using namespace cv;

/lstring™—char!|Z 2546

char* StoC(string St){
int len = St.length(;
char* Name = new char[len+1];
memcpy(Name, St.c_str(), len+1);
return(Name);

}

N7 7 A VAR

char* SS(string ss1, string ss2, int count){
stringstream ss;
ss << ssl << count << ss2;
string Result = ss.str();
char* Name = StoC(Result);
return(Name);

}
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int FindFile(char File[){
HANDLE hSearch;
WIN32_FIND_DATA fd;
hSearch = FindFirstFile( File, &fd );
if (hSearch == INVALID_HANDLE_VALUE) return 0;
size_t res = 0;
int Fresult;

do {
std:*basic_string<TCHAR>
path(fd.cFileName);
if (path != (".") && path != ("..") {
+tres;
}
} while (FindNextFile(hSearch, &fd));
FindClose( hSearch );
Fresult=res;
return(Fresult);

struct PhotoDatal
char* PhotoName;
float Fvalue://RF{¥ it

int mainOt
int key;
int Ncount = 0;
float Fvalue = 0;
float result = 0;
struct PhotoData PhotoData[100];



string s0 = "Now/";
string s1 = "Data/";
string s2 = ".jpg";

while(1){
int Tcountl = 0;
int Tcount2 = 0;
uchar p1,p2;
char* NowName = SS(s0,s2,Ncount);
char* DataName = SS(s1,s2,Ncount);

I Now 7 4 /v A ND 7 7 A v
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char Nowfolder[]="Now/*.*";

int Fresult;

Fresult = FindFile(Nowfolder);
printf("”7 7 A L4%d->¥n",Fresult);

i
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Ipllmage *img = cvLoadImage(NowName,
CV_LOAD_IMAGE_ANYDEPTH | CV_LOAD_IMAGE_ANYCOLOR);
if(img == NULL }{
fprintf(stderr, "no such file or
directory¥n");
exit(-1);

Ipllmage *gray =
cvCreateImage(cvGetSize(img), IPL_DEPTH_8U, 1);

IplImage *binl =
cvCreateImage(cvGetSize(img), IPL_DEPTH_8U, 1);

Ipllmage *bin2 =
cvCreatelmage(cvGetSize(img), IPL_DEPTH_S8U, 1);

cvCvtColor(img, gray, CV_BGR2GRAY);

cvThreshold(gray, binl, 230, 255,
CV_THRESH_BINARY):// —f&{t

cvThreshold(gray, bin2, 140, 255,
CV_THRESH_BINARY);// _f&ift:

for(int y = 0; y < bin1->height; y++){
for(int x = 0; x < bin1->width;
x++){
pl=
bin1->imageDatalbin1->widthStep * y + xI;

if(p1==0)Tcount1++;
i
}
for(int y = 0; y < bin2->height; y++)1
for(int x = 0; x < bin2->width;
x+){
p2=
bin2->imageDatalbin2->widthStep * y + xI;

if(p2==0)Tcount2++;
i

}
Fvalue = float(Tcount2)/float(Tcount1);
/Iprintf("1:%d¥n", Tcount1);
/Iprintf("2:%d¥n", Tcount2);
printf("Now:%f¥n", Fvalue);
/levReleaseImage(&bin1);
/levReleaseImage(&bin2);

I
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PhotoData[Ncount].PhotoName =
NowName;

PhotoData[Ncount].Fvalue = Fvalue;
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i
for(int i = 0; i < Ncount; i++){

result = PhotoDatali]. Fvalue -

PhotoData[Ncount].Fvalue;

if(-0.025<result&&result<0.025){

printf("%s:%f¥n",PhotoDatali]. PhotoName,result);
}
¥

cvNamedWindow("Imagel",CV_WINDOW_AUTOSIZE);
cvShowImage("Imagel",img);

/levNamedWindow("Image2",CV_WINDOW_AUTOSIZE);
/levShowImage("Image2",bin1);

/levNamedWindow("Image3",CV_WINDOW_AUTOSIZE);
/levShowImage("Image3",bin2);

key = cvWaitKey(0);

if (key == 27){
cvDestroyWindow("Image1");
cvReleaseImage(&img);

/levDestroyWindow("Image2");
/lecvReleaseImage(&bin1);

/levDestroyWindow("Image3");
/levReleaseImage(&bin2);
break;

}
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if(rename(NowName, DataName) == 0 ){

PhotoData[Ncount].PhotoName = DataName;
printf("%s% %sICBEN L £ L
7=. ¥n", NowName, DataName);

Jelsel
fprintf(stderr, "%s DB ENI K
ML E L7 ¥n", NowName);
}
I T T
cvReleaseImage(&img);

cvReleaseImage(&bin1);

cvReleaseImage(&bin2);

if (Fresult==1){
cvDestroyWindow("Image1");

J/levDestroyWindow("Image2");

/levDestroyWindow("Image3");
break;
}
Ncount++;
}

return 0;

int main (int arge, char **argv){

const char *imagename = "Now/0.jpg";
Mat src_img = imread(imagename, -1);
if(lsrc_img.data)

return -1;

const int ch_width = 260;
const int sch = src_img.channels(;
Mat hist_img(Size(ch_width * sch, 200), CV_8UC3, Scalar::all(255));

vector<MatND> hist(3);

const int hist_size = 256;

const int hdimsl] = thist_size};
const float hranges(] = {0,256};
const float* ranges[] = {hranges};
double max_val = .0;

if(sch==1) {
calcHist(&src_img, 1, 0, Mat(), hist[0], 1, hdims, ranges, true, false);
minMaxLoc(hist[0], 0, &max_val);

}else {
for(int i=0; i<sch; ++i) {



calcHist(&src_img, 1, &i, Mat(, hist[il, 1, hdims, ranges, true, false);
double tmp_val;

minMaxLoc(hist[i], 0, &tmp_val);

max_val = max_val < tmp_val ? tmp_val : max_val;

}

v
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Scalar color = Scalar::all(100);
for(int i=0; i<sch; i++) {
if(sch==3)
color =
Scalar((0xaa<<i*8)&0x0000ff,(0xaa<<i*8)&0x00ff00,(0xaa<<i*8) &0xff0000,
0);
histlil.convertTo(histlil, hist[i].type(), max_val?200./max_val:0.,0);
for(int j=0; j<hist_size; ++j) {
int bin_w = saturate_cast<int>((double)ch_width/hist_size);
rectangle(hist_img,
Point(j*bin_w+(*ch_width), hist_img.rows),
Point((j+1)*bin_w+(i*ch_width),
hist_img.rows-saturate_cast<int>(hist[i].at<float>())),
color, -1);
}
}

namedWindow("Image", CV_WINDOW_AUTOSIZE);
namedWindow("Histogram", CV_WINDOW_AUTOSIZE);
imshow("Image", src_img);

imshow("Histogram", hist_img);

waitKey(0);

return 0;

}



