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Overview

• What is OpenCV?

• Nuts & Bolts (building, data structures)

• Image Manipulations (color space 
conversion)

• Template Matching



What is OpenCV

• Library for realtime Computer Vision

• Computer Vision is about making machines 
“see”



Some Computer Vision 
Examples



http://www.youtube.com/watch?v=VSMoLqG018E



http://www.tuaw.com/2011/07/13/police-adopting-iphone-based-facial-recognition-device/



Get your own PR2
http://www.willowgarage.com/pages/pr2/overview



What is OpenCV



Building OpenCV



Grab Some Tools

• www.macports.org/install.php

• $ sudo port install cmake



Build OpenCV

• $ git clone git://github.com/niw/iphone_opencv_test.git

• niw.at/articles/2009/03/14/using-opencv-on-iphone/en



if [ -z "$SDK_VERSION" ]; then
! SDK_VERSION="4.3"
fi

if [ -z "$IPHONEOS_VERSION_MIN" ]; then
! IPHONEOS_VERSION_MIN="3.0"
fi

opencv_cmake.sh



Data Structures and 
Primitive Types



typedef struct CvPoint
{
    int x;
    int y;
}
CvPoint;

Primitive Types



typedef struct CvPoint2D32f
{
    float x;
    float y;
}
CvPoint2D32f;

Primitive Types



typedef struct CvPoint3D32f
{
    float x;
    float y;
    float z;
}
CvPoint3D32f;

Primitive Types



typedef struct
{
    int width;
    int height;
}
CvSize;

Primitive Types



typedef struct CvScalar
{
    double val[4];
}
CvScalar;

Primitive Types



typedef struct CvRect
{
    int x;
    int y;
    int width;
    int height;
}
CvRect;

Primitive Types
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Data Structures



typedef struct CvMat
{
    int type;
    int step;

    /* for internal use only */
    int* refcount;
    int hdr_refcount;

    union
    {
        uchar* ptr;
        short* s;
        int* i;
        float* fl;
        double* db;
    } data;

#ifdef __cplusplus
    union
    {
        int rows;
        int height;
    };

    union
    {
        int cols;
        int width;
    };
#else
    int rows;
    int cols;
#endif

}
CvMat;
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    int hdr_refcount;

    union
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        uchar* ptr;
        short* s;
        int* i;
        float* fl;
        double* db;
    } data;

#ifdef __cplusplus
    union
    {
        int rows;
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    };

    union
    {
        int cols;
        int width;
    };
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    int rows;
    int cols;
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}
CvMat;

#define CV_8U   0
#define CV_8S   1
#define CV_16U  2
#define CV_16S  3
#define CV_32S  4
#define CV_32F  5
#define CV_64F  6
#define CV_USRTYPE1 7
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typedef struct _IplImage
{
    int  nSize;             /* sizeof(IplImage) */
    int  ID;                /* version (=0)*/
    int  nChannels;         /* Most of OpenCV functions support 1,2,3 or 4 channels */
    int  alphaChannel;      /* Ignored by OpenCV */
    int  depth;             /* Pixel depth in bits: IPL_DEPTH_8U, IPL_DEPTH_8S, IPL_DEPTH_16S,
                               IPL_DEPTH_32S, IPL_DEPTH_32F and IPL_DEPTH_64F are supported.  */
    char colorModel[4];     /* Ignored by OpenCV */
    char channelSeq[4];     /* ditto */
    int  dataOrder;         /* 0 - interleaved color channels, 1 - separate color channels.
                               cvCreateImage can only create interleaved images */
    int  origin;            /* 0 - top-left origin,
                               1 - bottom-left origin (Windows bitmaps style).  */
    int  align;             /* Alignment of image rows (4 or 8).
                               OpenCV ignores it and uses widthStep instead.    */
    int  width;             /* Image width in pixels.                           */
    int  height;            /* Image height in pixels.                          */
    struct _IplROI *roi;    /* Image ROI. If NULL, the whole image is selected. */
    struct _IplImage *maskROI;      /* Must be NULL. */
    void  *imageId;                 /* "           " */
    struct _IplTileInfo *tileInfo;  /* "           " */
    int  imageSize;         /* Image data size in bytes
                               (==image->height*image->widthStep
                               in case of interleaved data)*/
    char *imageData;        /* Pointer to aligned image data.         */
    int  widthStep;         /* Size of aligned image row in bytes.    */
    int  BorderMode[4];     /* Ignored by OpenCV.                     */
    int  BorderConst[4];    /* Ditto.                                 */
    char *imageDataOrigin;  /* Pointer to very origin of image data
                               (not necessarily aligned) -
                               needed for correct deallocation */
}
IplImage;
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UIImage <==> OpenCV



#import <Foundation/Foundation.h>
#import <opencv/cv.h>

@interface OpenCVUIKitUtils : NSObject {

}

// OpenCV to UIImage
+ (IplImage *)CreateIplImageFromUIImage:(UIImage *)image;

// UIImage to OpenCV
+ (UIImage *)UIImageFromIplImage:(IplImage *)image;

@end



+ (IplImage *)CreateIplImageFromUIImage:(UIImage *)image
{
! CGImageRef imageRef = image.CGImage;
!
! CGColorSpaceRef colorSpace = CGColorSpaceCreateDeviceRGB();
   
! IplImage *iplimage = cvCreateImage(cvSize(image.size.width,image.size.height), 
                                     IPL_DEPTH_8U, 
                                     4);
   
! CGContextRef contextRef = CGBitmapContextCreate(iplimage->imageData, 
                                                  iplimage->width, 
                                                  iplimage->height,
                                                  iplimage->depth, 
                                                  iplimage->widthStep,
                                                  colorSpace, 
                                                  kCGImageAlphaPremultipliedLast |

                        kCGBitmapByteOrderDefault);
   
! CGContextDrawImage(contextRef, CGRectMake(0, 0, image.size.width, 
                                             image.size.height), imageRef);
! CGContextRelease(contextRef);
! CGColorSpaceRelease(colorSpace);
!
! IplImage *ret = cvCreateImage(cvGetSize(iplimage), IPL_DEPTH_8U, 3);
! cvCvtColor(iplimage, ret, CV_RGBA2BGR);
! cvReleaseImage(&iplimage);
!
! return ret;
}



+ (IplImage *)CreateIplImageFromUIImage:(UIImage *)image
{
! CGImageRef imageRef = image.CGImage;
!
! CGColorSpaceRef colorSpace = CGColorSpaceCreateDeviceRGB();
   
! IplImage *iplimage = cvCreateImage(cvSize(image.size.width,image.size.height), 
                                     IPL_DEPTH_8U, 
                                     4);
   
! CGContextRef contextRef = CGBitmapContextCreate(iplimage->imageData, 
                                                  iplimage->width, 
                                                  iplimage->height,
                                                  iplimage->depth, 
                                                  iplimage->widthStep,
                                                  colorSpace, 
                                                  kCGImageAlphaPremultipliedLast |

                        kCGBitmapByteOrderDefault);
   
! CGContextDrawImage(contextRef, CGRectMake(0, 0, image.size.width, 
                                             image.size.height), imageRef);
! CGContextRelease(contextRef);
! CGColorSpaceRelease(colorSpace);
!
! IplImage *ret = cvCreateImage(cvGetSize(iplimage), IPL_DEPTH_8U, 3);
! cvCvtColor(iplimage, ret, CV_RGBA2BGR);
! cvReleaseImage(&iplimage);
!
! return ret;
}



+ (IplImage *)CreateIplImageFromUIImage:(UIImage *)image
{
! CGImageRef imageRef = image.CGImage;
!
! CGColorSpaceRef colorSpace = CGColorSpaceCreateDeviceRGB();
   
! IplImage *iplimage = cvCreateImage(cvSize(image.size.width,image.size.height), 
                                     IPL_DEPTH_8U, 
                                     4);
   
! CGContextRef contextRef = CGBitmapContextCreate(iplimage->imageData, 
                                                  iplimage->width, 
                                                  iplimage->height,
                                                  iplimage->depth, 
                                                  iplimage->widthStep,
                                                  colorSpace, 
                                                  kCGImageAlphaPremultipliedLast |

                        kCGBitmapByteOrderDefault);
   
! CGContextDrawImage(contextRef, CGRectMake(0, 0, image.size.width, 
                                             image.size.height), imageRef);
! CGContextRelease(contextRef);
! CGColorSpaceRelease(colorSpace);
!
! IplImage *ret = cvCreateImage(cvGetSize(iplimage), IPL_DEPTH_8U, 3);
! cvCvtColor(iplimage, ret, CV_RGBA2BGR);
! cvReleaseImage(&iplimage);
!
! return ret;
}



+ (IplImage *)CreateIplImageFromUIImage:(UIImage *)image
{
! CGImageRef imageRef = image.CGImage;
!
! CGColorSpaceRef colorSpace = CGColorSpaceCreateDeviceRGB();
   
! IplImage *iplimage = cvCreateImage(cvSize(image.size.width,image.size.height), 
                                     IPL_DEPTH_8U, 
                                     4);
   
! CGContextRef contextRef = CGBitmapContextCreate(iplimage->imageData, 
                                                  iplimage->width, 
                                                  iplimage->height,
                                                  iplimage->depth, 
                                                  iplimage->widthStep,
                                                  colorSpace, 
                                                  kCGImageAlphaPremultipliedLast |

                        kCGBitmapByteOrderDefault);
   
! CGContextDrawImage(contextRef, CGRectMake(0, 0, image.size.width, 
                                             image.size.height), imageRef);
! CGContextRelease(contextRef);
! CGColorSpaceRelease(colorSpace);
!
! IplImage *ret = cvCreateImage(cvGetSize(iplimage), IPL_DEPTH_8U, 3);
! cvCvtColor(iplimage, ret, CV_RGBA2BGR);
! cvReleaseImage(&iplimage);
!
! return ret;
}



+ (IplImage *)CreateIplImageFromUIImage:(UIImage *)image
{
! CGImageRef imageRef = image.CGImage;
!
! CGColorSpaceRef colorSpace = CGColorSpaceCreateDeviceRGB();
   
! IplImage *iplimage = cvCreateImage(cvSize(image.size.width,image.size.height), 
                                     IPL_DEPTH_8U, 
                                     4);
   
! CGContextRef contextRef = CGBitmapContextCreate(iplimage->imageData, 
                                                  iplimage->width, 
                                                  iplimage->height,
                                                  iplimage->depth, 
                                                  iplimage->widthStep,
                                                  colorSpace, 
                                                  kCGImageAlphaPremultipliedLast |

                        kCGBitmapByteOrderDefault);
   
! CGContextDrawImage(contextRef, CGRectMake(0, 0, image.size.width, 
                                             image.size.height), imageRef);
! CGContextRelease(contextRef);
! CGColorSpaceRelease(colorSpace);
!
! IplImage *ret = cvCreateImage(cvGetSize(iplimage), IPL_DEPTH_8U, 3);
! cvCvtColor(iplimage, ret, CV_RGBA2BGR);
! cvReleaseImage(&iplimage);
!
! return ret;
}



+ (UIImage *)UIImageFromIplImage:(IplImage *)image
{
! NSLog(@"IplImage (%d, %d) %d bits by %d channels, %d bytes/row %s", 
! !   image->width, image->height, image->depth, image->nChannels, 
! !   image->widthStep, image->channelSeq);
!
! CGColorSpaceRef colorSpace = CGColorSpaceCreateDeviceRGB();
! NSData *data = [NSData dataWithBytes:image->imageData length:image->imageSize];
! CGDataProviderRef provider = CGDataProviderCreateWithCFData((CFDataRef)data);
   
! CGImageRef imageRef = CGImageCreate(image->width, image->height,
                                       image->depth, 
                                       image->depth * image->nChannels, 
                                       image->widthStep,
                                       colorSpace, 
                                       kCGImageAlphaNone|kCGBitmapByteOrderDefault,
                                       provider, 
                                       NULL, 
                                       false, 
                                       kCGRenderingIntentDefault);
   
! UIImage *ret = [UIImage imageWithCGImage:imageRef];
! CGImageRelease(imageRef);
! CGDataProviderRelease(provider);
! CGColorSpaceRelease(colorSpace);
   
! return ret;
}



Template Matching
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Thanks! Questions?
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