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OpenC\is

License

SupportedLanguages

Size

SourceForgstatistics

Githubstatistics

Acceleratedwith

The actualersions

TheY2 & LJ2LJzf  NJ aGNF RAGAZ2Y I f €& O2YLzi SN
http://opencv.org

BSD(free for noncommercial and commercial use

C/C++ JavaPython, Javascript

>1Mlines ofcode

20M downloads(not includegithub traffic)

>10K clones per week9600patches merged since 201235 patches per day

SIMD:SSE, AVX2, AVX512, NE@ahy core CPUgarallel for,GPU:OpenCL, CUD/
Vulkan S/W:IPPMKL, InteDLDT

3.49, 42.0 (Dec 2019


http://opencv.org/

More than justOpenCV

opencv
opencv_contrib

cvat (Computer Vision
Annotation Tool)

didt (Deep Learning

Deployment Toolkit)

open_model_zoo

opencv_training_extensions

http://github.com/opencv

The main OpenCV repository, essential, stabdelules

Experimental or obsolet®penC\unctionality

Tool for annotation of datasets; reworked versionXTIC

Very fast Deep Learning Inference Engine and Model
Optimizer/Converter tool; for Intel/AMD platforms only

Highquality CV deep learning models loyel

Scripts for TensorFloWwyTorchetc. to retrain some of the
models fromopen_model_zogquantize networks etc

& github.com ¢
O ‘ Sign up ‘ =
Overview Repositories 14
n OpenCV
openc v
@ https://opencv.org
OpenCV
Pinned
[J opencv/opencv 34.7k W
] opencv/dldt 547 W
[} opencv/open_model_zoo 769 W
] opencv/opencv_contrib 41k W
] opencv/cvat 1.8k W
] opencv/openvino_training_extensi 114 %
ons
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http://github.com/opencv

OpenC\Hlstory

__2007. OpenCVSymposium in Beijinggrganized byshigi Yu, Vadim
Pisarevskyand ShinaHorngLEE.

— 2006.0penCV China wedite

2006 OpenCV 1.0 gold finally out.5 modules (core, cxgvaux ml,
highgu), ~200Klines of code500+functions & classes (ml), HTML
" docs, no IPL dependency, use&for acceleration)VVin & Linux, x86
& x64support, includes Pythoimterface

2000 OpenCV 1.0 alphannounced at CVPR!/In32only; C API;
— includes image processing, contours, LK optical flow, dz&°Saa
complimentarylibrary

— 2000 VadimPisarevskyoined OpenCV Development Team as the team leader
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1998. OpenCV project started at Intel under nai@¥'Lby GaryBradski
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2015 OpenCV 3.030+30modules (withopencv_contri), >1M lines of
code, T-APL NEON & AVaccelerations, freéPP GSo013 & 2014
results

2012 OpenCV 2.442.4.3 22 modules,~600Klines of code,
automatically generated Python & Java interfaces DA & OpenCL

I OOSt SN} GA2Yy I GRaroEes221Presulis, Nt £ St
Linux, Android, 10S, x86, x64, ARSupport. Migrated togithub

2009 OpenCV 2.0Rewritten in C++, us€3Make lots of nativeSSE2

— accelerations. LBP face detection, HOG pedestrian deté&angback

dense optical flow, FAST corner detector, MSER region detector.

Oz



Google

GitHub

OpenCV: Back to Intel!

2018 OpenCV 4.0Major cleanup. Emphasis on DL. Halide integration.
Intel  ©penVIN® integration.

2016 OpenCV 3.2Deep Learning modul@penVXsupport. GSoC
2015 & 201@Gesults: stateof-art traditional optical flow, stereo, object
detection, text detection, feature detection, tracking, calibration,
comp. photography algorithms.
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OpenCYV Distributed Team (

X

OSVFOpenC\China Foundation (to be founded) supp@penCV

OpenC\Coursesdnline+offling in multiple languages,
especially in Chinese

Better support for 3D sensordidar, ToFcamera)

Better support on ARM and specialized &xdcleratordNPU)

20200penC\20-year anniversary an®penC\5 Release

2019X OpenCW.x Release



Developers and Contributors

USA, Bay Area
(intel')
GO gle oroage

Open Source Vision e e
Foundation QSVFE N ' OpenCV org.cn @ OPEN Al LAB
OpenCV.org (since 2019 Dec)

RussiaNi.No ;

Emﬁ.mn.:»";{?’?‘:mmum 1
- ") Core OpenCV team
(lntel) B

@ Intel Russia

OpenVIN® .

Community
2-3 patches per day
viagithub.com



http://osvf.org/
http://opencv.org/
http://opencv.org.cn/

Major New Featuresof OpenC\.x
A CG++11library!

A Emphasi®n DeepLearningseefurther)

Significantly extended and accelerated OpenCV DNN
module

Started replacing some traditional algorithms in OpenCV
with deepnets(e.g. face,object,text detection)

A Introduced graph APl (GAPI) for efficient image
processingipelines
A Smallerandfaster

AVX & AV)612 acceleration NEONaccelerationfor 32-bit
and 64-bit ARMCPUs~10-30%acceleratiorusingAV X!

Lowerfootprint. OpenC\4.0 is ~20% smallerthan OpenCV
3.X.



A FP16 support (especially useful for efficient Deep
Learning inferencekv::Mat fpl6_tensor({32,32,16},
CV_FP1%

A Video 1/0: Hardwar@ccelerated video
decoding/encoding on Windows (WMF) and Linux
(GStreamed = Yy S¢o ! YRNRPAR o0 O1SY

A QR code detector and decoder

A Resultdrom GSo@017 andGSo019
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GraphAPI(G-AP) Overview

A A new separatemodule opencv_gapinot a completelibrary
rewrite): https://github .com/opencv/opencv/wiki/GrapfAPI

A Providesalternative & f | im&gé processingfunctions, e.g.
cVv..Sobelk=>cv.:gapi:Sobel

Tt Insteadof immediateevaluationgapt: functionsconstruct
expressiorsubgraphgdGMat) andthen you geta complete
graph(GComputatioi

A The produced graph is compiled (once) and then can be
processedmore efficiently than a sequenceof direct function
calls

A CPUand GPU backendsare ready, more backendsare in
progress

11


https://github.com/opencv/opencv/wiki/Graph-API

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

#include "opencv2/highgui.hpp"

int main(int argc, char *agrv[])

{

using namespace cv;
if (argc != 3) return 1;

Mat in_mat = imread(argv[1]);
Mat gx, gy;

Sobel(in_mat, gx, CV_32F, 1, 0);
Sobel(in_mat, gy, CV_32F, 4, 1);

Mat mag, out _mat;

sgri(gx.mul(gx) + gy.mul(gy), mag);
mag.convertTo(out_mat, CV_8U);

imwrite(argv[2], out_mat);
return 0;

#include "opencv2/gapi.hpp"
#include "opencv2/gapi/core.hpp”
#include "opencv2/gapi/imgproc.hpp™
#include "opencv2/highgui.hpp"

int main(int argc, char *agrv[])

{
using namespace cv;
if (argc != 3) return 1;
GMat in;
GMat gx = gapi::Sobel(in, CV_32F, 1, 0);
GMat gy = gapi::Sobel(in, CV_32F, @, 1);
GMat mag = gapi::sqgrt(gapi::mul(gx, gx),

+ gapi::mul(gy, gy));

GMat out = gapi::convertTo(mag, CV_8U);
GComputation sobel(in, out);
Mat in_mat = imread(argv[1]), out_mat;
sobel.apply(in_mat, out_mat);
imwrite(argv[2], out_mat);
return 0;

}
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G-API: Print imagingenchmark

2S Oly 4SS UKS AGaDN)YLIK STFSO

A Memory consumptiorg process big images by tiles w/o storing
intermediate results explicitly

A Cache efficiency => better efficiency

A Code compactnessbetter performance with no need to write custom
G FdzaSRe f 22LJa

A [to be added soon] automatic offloading to GPU

Memory consumption* Performance* (based on cache efficiency)

Input OpenCV  G-API/Fluid  Factor Input OpenCV  G-API/Fluid  Factor
MiB MiB  Times ms ms  Times

512 x 512 17.33 0.59 28.9x 320 x 240 1.16 0.53 2.17x
640 x 480 20.29 0.62 32.8x 640 x 480 5.66 1.89  2.99x
1280 x 720 60.73 0.72 83.9x 1280 x 720 17.24 526  3.28x
1920 x 1080 136.53 0.83 164.7x 1920 x 1080 39.04 1229  3.18x
3840 x 2160 545.88 1.22  447.4x 3840 x 2160 219.57 51.22  4.29x

*fall measurements ar e-i%66800€RU, snglethread el E Cor e E
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DNN module overview

A Compaciselfcontained implementation in C++; inference
only!

A 5 importers Caffel, TensorFlowTorch,Darknet ONNX)

A 40+ layers, 100+ unit tests, 28amples

A Supports many popular topologies: image classification,
object & text detection, semantic segmentation, instance
segmentation, pose estimation, face recognition, style
transfer, tracking, etc

14



Net net PeadNet(model name, model config);
‘Mat blob = blobFromImage(img, )
net.setInput(blob);

‘Mat out = net. Forward()

_____________________________________________

Improve efficiency and decrease memdoptprint

A Many different executiofackendswith graceful fallback to
the default C++mplementation

Intel VPU
iGPU iGPU (NCS/NCS
Backend CPU fp32 fp16 dGPU 2) FPGA

DNN_BACKEND OPENCV + + + + C C
DNN_BACKEND_INFERENCE_ENGINE + + + S + +
DNN_BACKEND_HALIDE (Deprecated) + + C + G C
DNN_BACKEND_VKCOM (Vulkan) C + C ? C C

DNN_BACKEND_ TENGINE (soon)

15



Supported dpologies

A Classification
Caffe AlexNet GoogLeNetVGGResNetSqueezeNetDenseNetShuffleNet
TensorFlowInception,MobileNet
Darknet(https://pjreddie.com/darknet/imagenet), ONNXHttps://github.com/onnx/model9

A Object detection

Caffe VGGSSDMobilenetSSD, FastdRCNN, fRCN
TensorFlowSSD, Fastéd®CNN, MasRCNN (TF OD API), EAST text detection
YOLOVZTinyYOLOYOLOvV3 (dbarkned, TinyYOLOv2 (ONNX)

A Semantic segmentation
FCN Caffa, ENet(Torch), ResNet101_DUC_HDC (ONNX)

A Other

OpenPosdody and hands pose estimatio@dffg, ColorizationCaffe, FastNeuralStyle
(Torch),OpenFacdace recognition (Torgh

Refer tohttps://github.com/opencv/opencv/wiki/Deed earningin-OpenC\Mor details
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https://pjreddie.com/darknet/imagenet/
https://github.com/onnx/models
https://github.com/opencv/opencv/wiki/Deep-Learning-in-OpenCV

SSHike network versuglaarCascades

om0

Size ordisk 528KB 10MB (fp32), 5MB (fp16)
Efficiency @00x300** 30ms 9.34ms

Performance 0.609 (FDDB) 0.797 (FDDB)

AP @oU=0.5* 0.149 (WIDER FACE, val.) 0.173(WIDER FACE, val.)

*PASCAL VOC metric using COCO evaluatiornttpl/cocodataset.org/#detectionseval
FFLYUOSTt $4460 2PURon3.20GHz x 4

17


http://cocodataset.org/#detections-eval

Image Classification Speed Comparison on CPU
W Caffe B Keras W OpenCV M PyTorch

2500 2202
o~ 2000
%]
E
E’ 1500
<
= 1000
E 500
o 320 284
0
OpenCV is faster by 7X ( Caffe ) and 1.5X ( Keras )
Object Tracking Speed Comparison on CPU
B OpenCV W Caffe
300
300

N

E

— 200

c

£

=

g 100

£

OpenCV is 6X Faster

https://www.learnopencv.com/cpu

Time Taken ( sec)

Time Taken ( Sec)

Object Detection Speed Comparison on CPU
@ OpenCV B DarkNet

15 1273

0.714

OpenCV is 18X Faster

Pose Estimation Speed Comparison on CPU
B OpenCV B Caffe
0 2545

0

OpenCV is 7X Faster

-performance -comparison -of-opencv -and -other -deep -learning -frameworks/
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https://www.learnopencv.com/cpu-performance-comparison-of-opencv-and-other-deep-learning-frameworks/

New Features 1OpenC\DNN (4.x)

To o I To To Do Do Do Po  Io I»

async face detection

performance on 26.
Intel NCS2 4\19.9

Vulkanbased backend (for Android)

CUDAbased backend3So@019):
https://github.com/opencv/opencv/pull/14827

Intel NCS and NCS2 support via Intel Inference Engine
ONNX importer added in 4.0, extended in 4.1.x

MaskRCNN topology supportmtask _rcnn.pygample
3D CNNs support. New Action Recognition sang@Bon_recognition.py

New highlevel API for detection, semantic segmentation
Asynchronousnference

Deeplearning networks visualizationy..dnn::dumpToFilédot_file);
Improvements of ONNX an@gnsorFlowmporters

18% speedup of YOLOvV3 on NCS2
4 FPS

}3'2\48.6

39.5

> dump ofopencv_face_deteanhodel
0 1 2 3 4 (shows fused layers)

19


https://github.com/opencv/opencv/pull/14827
https://github.com/opencv/opencv/blob/4.1.1/samples/dnn/mask_rcnn.py
https://github.com/opencv/opencv/blob/4.1.1/samples/dnn/action_recognition.py

Acceleration on Different Platforms

Tools/libs Applicable for

cv:parallel_for_

wide universalntrinsics

OpenCL (OpenCVAPI)
CUDA
Vulkan

IPP, MKLOpenBLAS
Intel DLDT

Tengine

many-core CPUs

Intel & AMD x86/x64: SSE2 AVX2, AVX512
CPUs with SIMD (vector) instructions.
Dynamic dispatching is used since
OpenCV 4.0 ARM v7 and v8 (aarch64): NEON

PPC64: VSX

MIPS: MSA (PR submitted)

InteliGPY AMD GPU, Nvidia GPU
NVidia GPU (deprecated, except for DNN)
DNN Inference on GPU (mostly for Android)

CPU (traditional vision; image processing & linear algebra)
DNN Inference on Intel CPUs, GPUs, VPUs

In progress DNN Inference on ARM

20



write once, runfast everywhere

A ~400intrinsics for each platforng light-
weight, <5% overhead
A 500+optimized SIMD loops N
_ kernel_1 kernel_2 kernel_N
A ~3000penCL kernels ol L .
A ~25000Unit tests CPU GPU
e = M =
' - IntrinsicsAPI ghieve
{ ! OpenCtbased API)
- Dynamio:ally loaded
ad intrin_sse.h & conflgl:Jred { Intel Gen GPU
Old Intel CPUs PowerPC64 (VSX)] ‘
CHIAR A (SSE2 .. SSE ! ARM MALI GPU
intrin_avx2.hpp ! ’
intrin_avx512.Jp MIPS P5600 (MSA)] ! AMD GPU
e SRR int\ﬂn riscv.h |
(AVX2, AVX512) rsevaep ' —
: NVidia GPU
SRSERST— RISGY ? | , )
entral Dispate ARMV7, ARMVS - ww - - - AR S
(NEON) AnyGPUw. |
—- ' opencL support | 21
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AcceleratingdpenC\on CPUs: c\parallel for

Acv:parallel_for ¢ crossplatform implementation of
parallel loop concept (uses Win32 threads,
std::threads, GD(threads OpenMPetc.
underneatl).

Acv:Mutex ¢ crossplatform implementation of thread
synchronization object

y: 0 Ymaximage_heightvin_size+1

for ThrO

0 yl y2 y3 y3 y4 y5 y6 Ymax
parallel_for_ | ThrO Thrl Thr3 Thr2 Thrl ThrO Thr2 Thr3
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AcceleratingOpenC\on CPUs: wide universal
Intrinsics
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