OpenCV on Vision Components Smart Camera Platform
Goal:

Real-Time Computer Vision, such as



Human-Computer-Interaction



Object Identification and Recognition



Face and Gesture Recognition



Motion Tracking



Mobile Robotics



Stereo Vision

Licence:
Open Source



Source code, but no support

Book:

Learning OpenCV, Computer Vision with the OpenCV Library, 

Bradski, Kaehler, O’Reilly, Sep. 2008
IplImage Structure Definition
typedef struct _IplImage {

int nSize; 



/* size of iplImage struct 

*/

int ID; 



/* image header version 


*/

int nChannels;

int alphaChannel;

int depth; 



/* pixel depth in bits 


*/

char colorModel[4];

char channelSeq[4];

int dataOrder;

int origin;

int align; 



/* 4- or 8-byte align 


*/

int width;

int height;

struct _IplROI *roi; 

/* pointer to ROI if any 

*/

struct _IplImage *maskROI; 
/* pointer to mask ROI if any 

*/

void *imageId; 


/* use of the application 

*/

struct _IplTileInfo *tileInfo; /* contains information on tiling
*/

int imageSize; 


/* useful size in bytes 


*/

char *imageData;    

/* pointer to aligned image 

*/

int widthStep; 
 

/* size of aligned line in bytes 
*/

int BorderMode[4];  /* the top, bottom, left, and right border mode
*/

int BorderConst[4]; /* const. for top, bottom, left, right border 
*/

char *imageDataOrigin; 

/* ptr to full, nonaligned image 
*/

} IplImage;
	openCV IplImage
	VCLIB image
	comment

	---
	type=
IMAGE_GREY
IMAGE_BAYER
IMAGE_RGB
IMAGE_CBCR444
IMAGE_CBCR411
IMAGE_YUVNORM
IMAGE_IHS
IMAGE_RGBO
IMAGE_VECTOR
IMAGE_GREY16
IMAGE_GREY32
	image type, contains information about number of channels, storage format and pixel depth

	imageDataOrigin
	st
	image start address

	width
	dx
	horizontal image width

	height
	dy
	vertical image height

	---
	pitch
	openCV: pitch = width

	depth=
IPL_DEPTH_8U
IPL_DEPTH_8S
IPL_DEPTH_16S
IPL_DEPTH_32S
IPL_DEPTH_32F
	---
	number of bits per pixel and number format

	nChannels
	
	number of channels

	dataOrder=
IPL_DATA_ORDER_PIXEL
	----
	data order for multi-channel images, VCLIB uses planes


Table 1: comparison chart, OpenCV and VCLIB image descriptors

IplROI Structure Definition
typedef struct _IplROI {

int coi; /* channel of interest or COI */

int xOffset;

int yOffset;

int width;

int height;

} IplROI;
OpenCV: 
Size of operand images must be identical
VCLIB:
result size is {min(dx0, dx1), min(dy0, dy1)}
OpenCV:
color images interleaved

VCLIB:
uses planes

VCLIB to openCV interface functions

/*FUNCTION*-------------------------------------------------------------
*
* Function Name   : 
init_VC_openCV_interface
* Input Values
: 
* Returned Values
: 
0 on successful initialization
*                   
else standard error code (licence)  
* Comments       
: 
must be called to initialize the VC to openCV
*               
  
interface
*
*END*-----------------------------------------------------------------*/

int init_VC_openCV_interface()


/*FUNCTION*-------------------------------------------------------------
*
* Function Name
: 
cvSetImageStart
* Input Value
: 
*
img
  
: 
openCV image struct
*
start  
:
start address for image

* Returned Values
: 
none
* Comments       
:
sets start address in openCV image struct
*
*END*-----------------------------------------------------------------*/

void cvSetImageStart(IplImage* img, char *start)


/*FUNCTION*-------------------------------------------------------------
*
* Function Name
: 
copyVC
* Input Value
: 
*
src
  
: 
source image in openCV format
*
dst  

:
destination image in VC format

* Returned Values
: 
standard VC error format
* Comments       
:
copies images from CV to VC
*
*END*-----------------------------------------------------------------*/

I32 copyVC(IplImage *src, image *dst)


/*FUNCTION*-------------------------------------------------------------
*
* Function Name 
: 
copyCV
* Input Values
: 
*
src
  
: 
source image in VC format
*
dst  

:
destination image in openCV format

* Returned Values
: 
standard VC error format
* Comments      
:
copies images from VC to CV
*
*END*-----------------------------------------------------------------*/

I32 copyCV(image *src, IplImage *dst)


	CXCORE function
	VCLIB function
	comment

	cvCreateImage
	ImageAllocate
	Creates header and allocates data

	cvCreateImageHeader
	---
	Allocates, initializes, and returns structure IplImage

	cvReleaseImage
	ImageFree
	Releases header and image data

	cvReleaseImageHeader
	---
	Releases header

	cvCopy
	copy
	Copies one array to another

	cvSet
	set
	Sets every element of array to given value

	cvLUT
	look


	Performs look-up table transform of array

	cvConvertScale
	equalize


	Converts one array to another with optional linear transformation

	cvAdd, cvAddS
	add2
	Computes per-element sum

	cvSub, cvSubS
	sub2
	Computes per-element difference

	cvAbsDiff, cvAbsDiffS
	sub2
	Calculates absolute difference between two arrays

	cvMul, etc
	
	multiplication, division, logical functions

	cvTransform
	affine_image_transform
	Performs matrix transform of every array element

	cvPerspectiveTransform
	---
	Performs perspective matrix transform of vector array

	cvCalcPCA
	---
	Performs Principal Component Analysis of a vector set

	cvProjectPCA
	---
	Projects vectors to the specified subspace

	cvBackProjectPCA
	---
	Reconstructs the original vectors from the projection coefficients

	cvDFT
	---
	Performs forward or inverse Discrete Fourier transform of 1D or 2D floating-point array

	cvDCT
	---
	Performs forward or inverse Discrete Cosine transform of 1D or 2D floating-point array

	cvLine 
	lined
	Draws a line segment connecting two points

	cvRectangle
	framed
	Draws simple, thick or filled rectangle

	cvCircle
	ellipsed
	Draws a circle

	cvEllipse
	ellipsed
	Draws simple or thick elliptic arc or fills ellipse sector

	cvFillPoly
	---
	Fills polygons interior

	cvFillConvexPoly
	---
	Fills convex polygon

	cvPolyLine
	---
	Draws simple or thick polygons

	cvPutText
	chprint
	Draws text string

	cvDrawContours
	cdisp
	Draws contour outlines or interiors in the image

	cvKMeans2
	---
	Splits set of vectors by given number of clusters


	OpenCV function
	VCLIB function
	comment

	cvSobel
	sobel


	Calculates first, second, third or mixed image derivatives using extended Sobel operator

	cvLaplace
	laplace
	Calculates Laplacian of the image

	cvCanny
	edge
	Implements Canny algorithm for edge detection

	cvCornerMinEigenVal
	---
	Calculates minimal eigenvalue of gradient matrices for corner detection

	cvCornerHarris
	---
	Harris corner detector

	cvFindCornerSubPix
	---
	Refines corner locations

	cvGoodFeaturesToTrack
	---
	Determines strong corners on image

	cvWarpAffine
	affine_image_transform
	Applies affine transformation to the image

	cvGetAffineTransform
	threepoint_
calculate
	Calculates affine transform from 3 corresponding points

	cv2DRotationMatrix
	calc_rotation_matrix
	Calculates affine matrix of 2d rotation

	cvWarpPerspective
	---
	Applies perspective transformation to the image

	cvRemap
	affine_image_transform
	Applies generic geometrical transformation to the image

	cvLogPolar
	---
	Remaps image to log-polar space

	cvErode
	maxMxN
	Erodes image by using arbitrary structuring element

	cvDilate
	minMxN
	Dilates image by using arbitrary structuring element

	cvMorphologyEx
	---
	Performs advanced morphological transformations

	cvSmooth
	gauss, gauss_fir
	Smooths the image in one of several ways

	cvFilter2D
	ff3
	Convolves image with the kernel

	cvIntegral
	---
	Calculates integral images

	cvCvtColor
	RGB_IHS, etc.
	Converts image from one color space to another

	cvThreshold
	binarize
	Applies fixed-level threshold to array elements

	cvAdaptiveThreshold
	maskx
	Applies adaptive threshold to array

	cvPyrDown
	pyramid
	Downsamples image

	cvPyrUp
	zoomup
	Upsamples image

	cvFloodFill
	---
	Fills a connected component with given color

	cvFindContours
	contour8
	Finds contours in binary image

	cvPyrSegmentation
	---
	Does image segmentation by pyramids

	cvPyrMeanShift
Filtering
	---
	Does meanshift image segmentation

	cvWatershed
	---
	Does watershed segmentation

	cvMoments
	rlc_moments


	Calculates all moments up to third order of a polygon or rasterized shape

	cvGetHuMoments
	mom_calc_phi1

mom_calc_phi2
	Calculates seven Hu invariants

	cvHoughLines2
	FindHoughLine
	Finds lines in binary image using Hough transform

	cvHoughCircles
	FindHough
Circle
	Finds circles in grayscale image using Hough transform

	cvDistTransform
	---
	Calculates distance to closest zero pixel for all non-zero pixels of source image

	cvHistogram
	histo, color_histo


	Multi-dimensional histogram

	cvCalcBackProject
	color_
classify
	Calculates back projection

	cvMatchTemplate
	vc_corr2


	Compares template against overlapped image regions

	cvMatchShapes
	---
	Compares two shapes

	OpenCV function
	VCLIB function
	comment

	cvCalcEMD2
	---
	Computes "minimal work" distance between two weighted point configurations (histograms)

	cvApproxChains
	---
	Approximates Freeman chain(s) with polygonal curve

	cvContourArea
	---
	Calculates area of the whole contour or contour section

	cvArcLength
	---
	Calculates contour perimeter or curve length

	cvCreateContourTree
	---
	Creates hierarchical representation of contour

	cvMatchContourTrees
	---
	Compares two contours using their tree representations

	cvFitEllipse2
	bestcircle
	Fits ellipse to set of 2D points

	cvFitLine
	bestline
	Fits line to 2D or 3D point set

	cvConvexHull2
	---
	Finds convex hull of point set

	cvCheckContour
Convexity
	---
	Tests if contour is convex

	cvPointPolygonTest
	---
	Point in contour test

	cvMinAreaRect2
	---
	Finds circumscribed rectangle of minimal area for given 2D point set

	cvMinEnclosingCircle
	---
	Finds circumscribed circle of minimal area for given 2D point set

	cvCalcPGH
	---
	Calculates pair-wise geometrical histogram for contour

	cvMeanShift
	---
	Finds object center on back projection

	cvCamShift
	---
	Finds object center, size, and orientation

	cvCalcOpticalFlowHS
	---
	Calculates optical flow for two images

	cvCalcOpticalFlowLK
	---
	Calculates optical flow for two images

	cvCalcOpticalFlowBM
	---
	Calculates optical flow for two images by block matching method

	cvCalcOpticalFlowPyrLK
	---
	Calculates optical flow for a sparse feature set using iterative Lucas-Kanade method in pyramids

	cvKalmanPredict
	---
	Kalman predictor

	cvHaarDetectObjects
	---
	Detects objects in the image with Haar classifier

	cvProjectPoints2
	---
	Projects 3D points to image plane

	cvFindHomography
	
	Finds perspective transformation between two planes

	cvCalibrateCamera2
	---
	Finds intrinsic and extrinsic camera parameters using calibration pattern

	cvUndistort2
	---
	Transforms image to compensate lens distortion

	cvFindFundamentalMat
	---
	Calculates fundamental matrix from corresponding points in two images

	cvComputeCorrespond
Epilines
	---
	For points in one image of stereo pair computes the corresponding epilines in the other image

	cvConvertPoints
Homogenious
	---
	Convert points to/from homogeneous coordinates


Demo programs:
	name
	cameras used
	comment

	vccolor.c
	VC4465C
	color conversion HSV, color histogram

	vcdist.c
	VC4465C, VC4438
	distance transformation

	vcedge.c
	VC4438
	Canny edge detection

	vcface.c
	VC4438
	Face detection with Haar Transform

	vcharris.c
	VC4438
	corner detection, does not work !

	vchist.c
	VC4438
	brightness and contrast control using histograms

	vchough.c
	VC4438
	Hough Transformation

	vcimgld.c
	VC4465C, VC4438
	load and store images in different formats, does not work !

	vckm2.c
	VC4465C
	kMeans2 classificator

	vclk.c
	VC4438
	Lukas Kanade optical flow tracker

	vcmatch.c
	VC4438
	pattern matching using correlation

	vcshift.c
	VC4465C
	CAMSHIFT demo, incl. color histogram, backprojection

	vcwater.c
	VC4438
	watershed transformation, does not work !


ReadMe.txt:

How to use OpenCV for the Vision Components Smart Camera Platform with Code Composer Studio Compiler

1. Copy all the files to C:\ti\opencv

2. Copy all the header files to C:\ti\c6000\cgtools\include
   e.g. using the batch file cphdr.bat on \ti\opencv

3. Copy ti_dev.lib to C:\ti\c6000\cgtools\lib

4. compile demo files on C:\ti\opencv\samples\c
   all VC demo files start with vc..
   compilation with ccr.bat using ccr.cmd

5. upload files to VC camera using Total Commander FTP transfer


