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vision = low-level pixels
— scene graph




today’s about image segmentation












30sec brainstorming

how to count all cars? how to ignore the rest?







30sec brainstorming

how to deal with occlusion? illumination?



















detecting components = easy



assignment






goal = drawing



goal = drawing



shoes in contact with floor



shoes in contéct with floor









30sec brainstorming

(top-down camera setup)
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“thresholding”




turn all values < X
into black

remove everything
farther than X

“thresholding”



OpenCV



#include "opencv2/highgui/highgui.hpp"
#include "opencv2/imgproc/imgproc.hpp"

#include <ctype.h>
#include <iostream>

using namespace cv;
using namespace std;

int main( int argc, char** argv )
{
VideoCapture cap;
cap.open("video.avi");

if( !'cap.isOpened() ) {
cout << "Could not initialize capturing...\n";
return -1;

}

namedWindow( "output", 0 );

for(;;) {
Mat frame;
cap >> frame;
if( frame.empty() ) {
break;
}

scaffold provided
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or search for documentation online, e.g. book Learning OpenCV
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cv::imshow( "output”, frame );

int ¢ = cv::waitKey( 30 );
if(Cc=="q9" ) {

break;
}

showing images



tabletop systems
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raw image



threshold



double (const cv::Mat& src,

cv::Mat& dst,
double thresh,
double maxVal,
int thresholdType);

threshold
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threshold



camera image




threshold



void (
const cv::Mat& image,

std: :vector<std::vector<cv::Point> >& contours,
int mode,

int method,
cv:.:Point offset

cv::Point());

find contours



void (
const cv::Mat& image,
std: :vector<std: :vector<cv::Point> >& contours,
CV_RETR_EXTERNAL,
CV_CHAIN APPROX NONE,
cv::Point offset = cv::Point());

find contours



void (
const cv::Mat& image, //modifiesimage
std: :vector<std::vector<cv::Point> >& contours,
CV_RETR_EXTERNAL,
CV_CHAIN APPROX NONE,
cv::Point offset = cv::Point());

find contours



find contours



D

what about these?

find contours



D

what about these?

filter by size, aspect, ...

find contours



double (const cv::Mat& contour) ;

filtered contours



turn all values < X
into black

remove everything
farther than X

“thresholding”



turn all values < X
into black

remove everything
farther than X

“thresholding”



fit ellipse




cv::RotatedRect cv::fitEllipse(const cv::Mat& points);

X, Y
minor, major

angle

fit ellipse



cv::RotatedRect cv::fitEllipse(const cv::Mat& points);

X, Y
minor, major

angle

void cv::ellipse(cv::Mat& 1img,
const cv::RotatedRect& box,
const cv::Scalar& color,
int thickness = 1, int linelype = 8);

fit ellipse






we're donel



oops, we made one assumption, remember?



‘what now?
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30sec brainstorming

what now?






“empty” scene (= bg)



background subtraction



void (const cv::Mat& srcl,
const cv::Mat& src2,
cv::Mat& dst);

voild (const cv::Mat& srcl,
const cv::Mat& src2,
cv::Mat& dst);

void (const cv::Mat& srcl, double alpha,
const cv::Mat& src2, double beta,
double gamma, cv::Mat& dst);

background subtraction






Depth Image










ITS 2010: Devices & Algorithms

November 7-10, 2010, Saarbrucken, Germany

Using a Depth Camera as a Touch Sensor

Andrew D. Wilson
Microsoft Research
Redmond, WA 98052 USA

awilson@microsoft.com

ABSTRACT

We explore the application of depth-sensing cameras to
detect touch on a tabletop. Limits of depth estimate resolu-
tion and line of sight requirements dictate that the determi-
nation of the moment of touch will not be as precise as that
of more direct sensing techniques such as capacitive touch
screens. However, using a depth-sensing camera to detect
touch has significant advantages: first, the interactive sur-
face need not be instrumented. Secondly, this approach
allows touch sensing on non-flat surfaces. Finally, infor-
mation about the shape of the users and their arms and
hands above the surface may be exploited in useful ways,
such as determining hover state, or that multiple touches
are from same hand or from the same user. We present
techniques and findings using Microsoft Kinect.

ACM Classification: HS5.2 [Information interfaces and
presentation]: User Interfaces. - Graphical user interfaces.

General terms: Design, Human Factors

Keywords: Depth-sensing cameras, touchscreen interfaces.

INTRODUCTION

Depth-sensing cameras report distance to the nearest sur-
face at each pixel. The depth camera included with Mi-
crosoft Kinect [1], based on a PrimeSense design, projects
a fixed pattern of infrared light [2]. An offset infrared cam-
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In comparison with more traditional techniques, such as
capacitive sensors, the use of depth cameras to sense touch
has the following advantages:

e The interactive surface need not be instrumented.

e The interactive surface need not be flat.

e Information about the shape of the users and users’
arms and hands above the surface may be exploited in
useful ways, such as determining hover state, or that
multiple touches are from the same hand or user.

However, given the depth estimate resolution of today’s
depth-sensing cameras, and the various limitations imposed
by viewing the user and table from above, we expect that
relying exclusively on the depth camera will not give as
precise determination of the moment of touch as more tra-
ditional touchscreen technologies.

After reviewing related work, we discuss some considera-
tions in sensing touch from depth cameras and then present
a simple technique to achieve a useable touch signal.

RELATED WORK

Among the earliest applications of overhead video cameras
to track fingers and detect touch on a tabletop are Wellner’s
Digital Desk [15] and Kruger’'s VIDEODESK [10]. Well-
ner discusses the difficulty of accurately determining touch,
and proposes using a microphone to detect when the user’s
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// dst = src * alpha + beta

imgl.convertTo( img2, CV 8U, 10.0, -20.0 );

Kinect image



// dst = src * alpha + beta

imgl.convertTo( img2, CV 8U, 10.0, -20.0 );

T
depth

Kinect image



// dst = src * alpha + beta

imgl.convertTo( img2, CV_ 38U, 10.060, -20.0 );
T

a

Kinect image



// dst = src * alpha + beta

imgl.convertTo( img2, CV_ 38U, 10.060, -20.0 );
T
B

Kinect image



1) find shoes in the depth image

2) draw a circle iff a shoe is making contact with the ground
for those who have done this already:

3) track the shoes

4) draw lines between corresponding circles

assignment
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blur



void cv::blur(const cv::Mat& src,
cv::Mat& dst,
cv::51ze ksize);

blur



void cv::blur(const cv::Mat& src,
cv::Mat& dst,
cv::51ze ksize);
T

odd size

blur



void cv::blur(const cv::Mat& src,
cv::Mat& dst,
cv::51ze ksize);

blur



