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GPU access
A To access NVIDIA cluster send email to jlevites@nvidia.com

A Subj ec OpehQVIGPU Test Driveo
A Add your name and phone number

Webinar Feedback
Submit your feedback for a chance to win Tesla K20 GPU
https://www.surveymonkey.com/s/OpenCV_Webinar

More guestions on OpenCV and GPUs

A Stay tuned with NVIDIA webinars:
http://www.nvidia.com/object/cuda_signup_alerts.html

A Refer to OpenCV Yahoo! Groups

<3

NVIDIA
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OpenCV <3

NVIDIA

Introduction

® Open source library for computer vision, image processing and machine learning
®* Permissible BSD license
* Freely available (www.opencv.orq)

Portability

* Real-time computer vision (x86 MMX/SSE, ARM NEON, CUDA)
* C (11 years), now C++ (3 years since v2.0), Python and Java

* Windows, OS X, Linux, Android and iOS



http://www.opencv.org

Usage <3

NVIDIA

Usage:
>6 million downloads, > 47,000 user group
Google, Yahoo, Microsoft, Intel, IBM, Sony, Honda, Toyota

Applications:
® Street view image stitching
Automated inspection and surveillance
Robot and driver-less car navigation and control
Medical image analysis
Video/image search and retrieval
Movies - 3D structure from motion
Interactive art installations



Functionality <3
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Desktop

® x86 single-core (Intel started, now ltseez.com) - v2.4.5 >2500 functions (multiple
algorithm options, data types)

® CUDA GPU (Nvidia) - 250 functions (5x i 100x speed-up)
http://docs.opencv.org/modules/gpu/doc/gpu.html

¢ OpenCL GPU (3" parties) - 100 functions (launch times ~7x slower than CUDA¥)

Mobile (Nvidia):
* Android (not optimized)
® Tegrai 50 functions NEON, GLSL, multi-core (1.67 32x speed-up)

*Shengen Yan, AMD Fusion Developer Summit 2012.


http://docs.opencv.org/modules/gpu/doc/gpu.html
http://docs.opencv.org/modules/gpu/doc/gpu.html

Functionality §szA

L)

Image/video I/O, processing, display (core, imgproc, highgui)
Object/feature detection (objdetect, features2d, nonfree)

Geometry-based monocular or stereo computer vision (calib3d, stitching,
videostab)

Computational photography (photo, video, superres)
Machine learning & clustering (ml, flann)
CUDA and OpenCL GPU acceleration (gpu, ocl)

L)

L)

L)

L)

L)
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Why GPU? >

NVIDIA

CPU
Reached speed and thermal power limit!
Incremental improvements (memory caches and complex architectures)
Multi-core (4/8), but software rarely multi-core

GPU
Highly parallel with 100s of simple cores
Easier to extend by adding more cores
Continue to grow exponentially!



GPU > CPU (compute and memory) <X

NVIDIA

Theoretical Theoretical GB/s
GFLOP/s
3250 200

3000 180
NVIDIA GPU Single Predision

2750 g NVIDIA GPU Double Predsion
2500 ——a—Irtel CPU Single Predision 160

Intel CPU Double Precision
2250 140
2000 120
1750
100
1500

1250

80

750 — Westmere
500 TeslaCi090 - sanayBricge 40 Bloomfield
20 Woodcrest
250 Tesla C1060 Bl .. Prescott
Woodcrest Harpertown

0 R - — 0 worthwood
Sep-FEntium 4 o Mar-pFiarpertown plsgmere Aug-12 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

*http://hemprasad.wordpress.com/2013/03/03/introduction-to-cuda-5-0/



GPU for OpenCV

-
Graphics

Render Images
From Scenes

~N

Inverse
Problems

Massively
Parallel

<

NVIDIA.

Computer Vision

Understand Scenes
From Images

~
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OpenCV CPU example

#include <opencv2/opencv.hpp>

using namespace Cv,

int

main() {

Mat src = imread (tar 1080. )] pgo

if (! src.data ) exit(1);

Mat dst :
bilateralFilter

(src, dst,

Canny(dst , dst, 35, 200, 3);

imwrite ( Aout .

return O;

p ndstQ;,

-1, 50, 7);

Qc QX

M

QdC W D QX

<3

NVIDIA

OpenCV header files
OpenCV C++ namespace

lbad an image file as grayscale

Allocate a temp output image

Blur the image but keep edges sharp
Find the edges, drawn as white pixels
Store to an image file



OpenCV CPU example

#include <opencv2/opencv.hpp>

using namespace Cv,

int

main() {

Mat src = imread (fcar 1080. ) pgo, o0
if ! src.data ) exit(1);

Mat dst ;

bilateralFilter (src, dst, -1,50,7);

Canny(dst , dst, 35, 200, 3);
imwrite ( Aout . p ndgtQ;,
return O;




OpenCV CUDA example

#include <opencv2/opencv.hpp>

#include <

opencv2/ gpu/gpu.hpp>

using namespace cv;
int  main() {
Mat src = imread ( icar 1080. Q);pgo,

if (!

gpu ::
gpu ::
gpu ::

gpu..

Mat

d

src.data ) exit(1);

GpuMat d_src (src);

GpuMat d_dst ;

bilateralFilter (d _src , d_dst,
Canny( d dst , d_dst , 35, 200, 3);
st (d_dst );

imwrite ( Aout . prdst9;,
return O;

-1, 50, 7);

Q)¢

D D D¢ Q¢ Qx

<3
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OpenCV GPU header file

Upload image from CPU to GPU memory
Allocate a temp output image on the GPU
Process images on the GPU

Process images on the GPU

Download image from GPU to CPU mem



OpenCV CUDA example

#include <opencv2/opencv.hpp>
#include < opencv2/ gpu/gpu.hpp>
using namespace cv;

int  main() {

Mat src = imread ( icar 1080.Q);pgo,

if (! src.data ) exit(1);
gpu:: GpuMat d_src (src ),
gpu:: GpuMat d_dst ;

gpu:: bilateralFilter (d _src , d_dst,
, 35, 200, 3);

gpu:: Canny(d dst , d_dst
Mat dst (d _dst );

imwrite ( Aout . prdst9;,
return O;

-1, 50, 7);

— —}‘:?' g’. Elgm.

==
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CPU

#include <opencv2/opencv.hpp>

using namespace Cv,

int

VS.

CUDA <3

NVIDIA

#include <opencv2/opencv.hpp>
#include <  opencv2/ gpu/gpu.hpp>
using namespace cv,

main() { I

Mat src = imread (tar 1080. ) pgo,

0);

if ! src.data ) exit(: 0.5msA

Mat dst ; OmsA

bilateralFilter (s 187msA

ok

Canny(dst , dst, 35 12msA

imwrite (Aout . prd

return O; 0.5msA
}

main() {

Mat src = imread (Acar 1080.0Q);pgo,
if ! src.data ) exit(1);

gpu:: GpuMat d_src (src);

gpu:: GpuMat d dst ;

gpu:: bilateralFilter (d src, ddst, -1,
50, 7);

gpu:: Canny( d_dst ,
Mat dst (d_dst )
imwrite ( A o
return O;

CUDA=200ms*

*results obtained over many frames
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CUDA Matrix Operations .f,%,\

Point-wise matrix math
® gpu::add(), ::sum(), ::div(), ::sqrt(), ::sqrSum(), ::meanStdDev, ::min(), ::max(),
::minMaxLoc(), ::magnitude(), ::norm(), ::countNonZero(), ::cartToPolar(), etc..
Matrix multiplication
® gpu::gemm()
Channel manipulation
® gpu::merge(), ::split()

.
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Hue Saturation Value
(colors) (colorfulness) (brightness)

*www.shervinemami.info/blobs.html



CUDA Geometric Operations <3
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Image resize with sub-pixel interpolation
® gpu:resize()

Image rotate with sub-pixel interpolation
® gpu::rotate()

Image warp (e.g., panoramic stitching)

® gpu::warpPerspective(), ::warpAffine()
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*www.skyscrapercity.com



CUDA other Math and Geometric Operations >

NVIDIA

Integral images (e.g., object detection and recognition, feature tracking)
® gpu::integral(), ::sqrintegral()

Custom geometric transformation (e.g., lens distortion correction)

® gpu::remap(), ::buildWarpCylindricalMaps(), ::buildWarpSphericalMaps()

*www.ivs.auckland.ac.nz/web/calibration.php



CUDA Image Processing <3
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Smoothing

® gpu::blur(), ::boxFilter(), ::GaussianBlur()

Morphological

® gpu::dilate(), ::erode(), ::morphologyEXx()

Edge Detection

® gpu::Sobel(), ::Scharr(), ::Laplacian(), gpu::Canny()

Custom 2D filters

® gpu::filter2D(), :.createFilter2D GPU(), :.createSeparableFilter GPU()
Color space conversion

® gpu::cvtColor()



CUDA Image Processing S,%A

Image blending
® gpu::blendLinear()

Template matching (automated inspection)
® gpu::matchTemplate()

Gaussian pyramid (scale invariant feature/object detectlon)
® gpu::pyrup(), ::pyrDown() '

Image histogram
® gpu::calcHist(), gpu::histEven, gpu: hlstRange()

Contract enhancement |
® gpu::equalizeHist()

*OpenCV Histogram Equalization Tutorial




CUDA De-noising <3
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Gaussian noise removal

® gpu::FastNonLocalMeansDenoising()
Edge preserving smoothing

® gpu::bilateralFilter()

*www.cs.cityu.edu.hk/~giyang/publications.htmi



CUDA Fourier and MeanShift <3
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Fourier analysis

® gpu::dft(), ::convolve(), ::mulAndScaleSpectrums(), etc..
MeanShift
® gpu::meanShiftFiltering(), ::meanShiftSegmentation()

www.Ifb.rwth-aachen.de/en/education/Workshop/t.schoenen.html



