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Abstract

In recent years, housework automation has become popular with the rise of robot technology.
However, tidying laundry is still manual. Automation by machine is difficult, because clothing is an
irregular complex shape. We thought it can handle the laundry by combining depth information and
color image. The purpose of this study is to develop a laundry state determination system. This
study define state of laundry by dividing into 4 states, and develop laundry state determination
system using RGB image and 3D information. The results of experiment of the proposed method

suggest that the system was possible to accurately determination the state of the laundry by using
depth information and RGB camera image with Kinect.
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7.2.2 SIFT(Scale Invariant Feature Transformation)
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7.2.3 k-means
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7.2.4 SVM
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i

#include <opencv2/opencv.hpp>
#ifdef DEBUG
//Debug E—RDHA

#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_core220d.1ib") I
opencv_core

#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_imgproc220d.lib") I
opencv_imgproc

#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_highgui220d.1ib") //
opencv_highgui

#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_objdetect220d.1ib") //
opencv_objdetect

#include <XnCppWrapper.h>

#pragma comment(lib,"C:/Program files/OpenNI/Lib/openNLlib")

#define SAMPLE_XML_PATH "C:/Program Files/OpenNI/Data/SamplesConfig.xml"

using namespace cv;

using namespace Xn;

int determinationLaundry(int laundry,int determin,int smaller);

int state = 0;
HPATF, SBTIGC TR
/f#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_mI220d.1ib") // opencv_mlint main()
/[#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_features2d220d.1ib") // {

opencv_features2d

/H#tpragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_video220d.lib") I
opencv_video

/l#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_calib3d220d.lib") /"
opencv_calib3d

/H#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_flann220d.lib") 4
opencv_flann

/[#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_contrib220d.1ib") //
opencv_contrib

/f#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_legacy220d.lib") 4
opencv_legacy

/[#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_gpu220d.lib") //
opencv_gpu

#else
//Release E—R DA

#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_core220.1ib") /!
opencv_core

#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_imgproc220.1ib") /"
opencv_imgproc

#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_highgui220.1ib") /"
opencv_highgui

#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_objdetect220.1ib") //
opencv_objdetect

/IEAF, BT TR

Context context;

EnumerationErrors errors;

context.InitFromXmlFile(SAMPLE_XML_PATH);

DepthGenerator depthGenerator;// depth context

context.FindExistingNode(XN_NODE_TYPE_DEPTH, depthGenerator);

ImageGenerator imageGenerator;//image context

context.FindExistingNode(XN_NODE_TYPE_IMAGE, imageGenerator);

DepthMetaData depthMD;

ImageMetaData imageMD;

Mat image(480,640,CV_8UC3);

Mat depth(480,640,CV_16UCI);

Mat depth_rw(480,640,CV_SUCI);

/H#tpragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_ml220.1ib") // opencv_ml

/tpragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_features2d220.1ib") //
opencv_features2d

/#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_vide0220.lib") /"
opencv_video

/[#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_calib3d220.1ib") 4
opencv_calib3d

/[#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_flann220.1ib") 4
opencv_flann

/#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_contrib220.1ib") "
opencv_contrib

/[#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_legacy220.1ib") VA
opencv_legacy

/#pragma comment(lib,"C:\\OpenCV2.2\\lib\\opencv_gpu220.lib") /"
opencv_gpu

#endif

Mat background1,diff1,gryl,outputl;//7453 F

Mat background2,diff2,gry2,output2;//7% 55 F

Mat grayl,gray2;

Mat depth_img,dst_img1,dst_img2;/in T-f

Mat dpdst_img1,dpdst_img2;/i T

Mat roi_laundry,roi_determin,roi_smaller;// 810k FH

Mat initmask(480,640,CV_8UCI1);

int key = 0;
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int i,j,k;
ey 8
" double dis_rw; o w A

const char th = 30; /i

bool isWarp=false;

absdiff(image,background1,diff1);/%5 s i {§ & 1 A7 W5 0>

cvtColor(diffl,gryl,CV_BGR2GRAY);//7 5y Wif§ 4 7 LA A — )i

threshold(gry, gryl, th, 255, THRESH_BINARY);// —fii{bimi{#{t

unsigned short* dp = (unsigned short*)depth.data;

unsigned short rdp;

while (key!='q')
{
//wait and error processing
context.WaitAnyUpdateAll();
fEftEgAL
imageGenerator.GetMetaData(imageMD);// % A7 £ 5 —# B f5
depthGenerator.GetMetaData(depthMD);//i4 £ 7 — X Hufs:

depthGenerator.GetAlternative ViewPointCap().SetViewPoint(imageGenerator);// A
LEHIE

[CTjE3d

memcpy(image.data,imageMD.Data(),image.step * image.rows); /A A—F —4

memcpy(depth.data,depthMD.Data(),depth.step * depth.rows); //IR/ET —4%H4

for(k=0,i=0;i<depth_rw.rows;i++){
for(j=0;j<depth_rw.cols;j++k++){
rdp = depthMD[k];

if( rdp > 1600) ¢

depth_rw.data[i*depth_rw.cols + j] = 0;
}

else if( rdp > 1300){ “fEfe gt

rdp = (unsigned
short)((double)((double)((1600 - rdp)/300.0) * 255));

depth_rw.data[i*depth_rw.cols+j] = (unsigned char)rdp;

else{

depth_rw.data[i*depth_rw.cols +j] =0;

resize(gryl, dst_imgl, cv::Size(), 0.5, 0.5,INTER_AREA);
resize(gryl, dst_imgl, cv::Size(), 0.5, 0.5,INTER_AREA);

resize(dst_imgl, dst_img2, cv::Size(), 2, 2);

resize(dst_imgl, dst_img2, cv::Size(), 2, 2);

outputl = dst_img2.clone();

threshold(outputl, outputl, 200, 255, THRESH_BINARY);//

absdiff(depth_rw,background2,diff2);//45 54 & 142 HE i 14

threshold(diff2, diff2, 10, 255, THRESH BINARY):// — i1k

resize(diff2, dpdst_imgl, cv::Size(), 0.5, 0.5,INTER_AREA);

resize(diff2, dpdst_imgl, cv::Size(), 0.5, 0.5,INTER_AREA);
resize(diff2, dpdst_imgl, cv::Size(), 0.5, 0.5, INTER_AREA);
resize(dpdst_imgl, dpdst_img2, cv::Size(), 2, 2);
resize(dpdst_imgl, dpdst_img2, cv::Size(), 2, 2);
resize(diff2, dpdst_imgl, cv::Size(), 0.5, 0.5,INTER_AREA);

resize(dpdst_imgl, dpdst_img2, cv::Size(), 2, 2);

resize(dpdst_imgl, dpdst_img2, cv::Size(), 2, 2);

output2 = dpdst_img2.clone();

threshold(output2, output2, 200, 255, THRESH_BINARY);//

roi_laundry = output1(Rect(320,0,320,240));
roi_determin = output1(Rect(0,0,320,240));

roi_smaller = outputl(Rect(0,240,640,240));

/lconvert color space RGB2BGR

cvtColor(image,image,CV_RGB2BGR);

imshow("image",image);

if (backgroundl.empty()) {
background] = image.clone();
//background = depth_img.clone();
}
if (background2.empty()) {
background2 = depth_rw.clone();

//background = depth_img.clone();
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imshow("depth",depth);

imshow("output1",outputl);

imshow("output2",output2);

imshow("depth_rw",depth_rw);

imshow("laundry",roi_laundry);

imshow("determination",roi_determin);

imshow("smaller",roi_smaller);



}

if (key =='s'){ context.Shutdown();

//backgroundl = image.clone(); return 0;

background2 = depth_rw.clone();

printf("center:

%d[mm]\n",depthMD[depth.cols*depth.rows/2 + depth.cols/2]); int determinationLaundry(int laundry,int determin,int smaller){

//background = depth_img.clone(); intret=4;
}
else if(key == 'd'){ if( determin > 500){
ifstate == 0) ret=2;
state+; printf("determin = %d\n",determin);
) if(determin >4000){
else{ printf("pants\n");
printf("State is i
%d\n",determinationLaundry(countNonZero(roi_laundry),countNonZero(roi_determin),co else{
untNonZero(roi_smaller)));
) printf("socks\n");
[*printf("laundry_ }
%d\n",countNonZero(roi_laundry)); }
) . printf{("determin_ else if{laundry > 500) {
%d\n",countNonZero(roi_determin));
. ret=1;
printf("smaller_
%d\n",countNonZero(roi_smaller));*/ )
i else if( smaller > 500){
ret=3;
. ¥
memcpy(depth_rw.data,initmask.data,depth_rw.step*depth_rw.rows);
return ret;

key = waitKey(33);
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