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What Is OpenCV
• Open-source Computer Vision Library (2000-present)
• 2500+ optimized computer vision and machine learning algorithms
• Implemented in C/C++, bindings for Python, Java, Javascript, Swift, Julia
• Free for research and commercial use (Apache 2 license)
• 55K+ forks in GitHub: https://github.com/opencv/opencv
• Actively developed: latest version 4.9.0 released on Dec 29, 2023
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https://github.com/opencv/opencv


opencv + opencv_contrib > 70 modules

• core: Core Functionality
• imgproc: Image Processing
• imgcodecs: Image file reading and writing
• videoio: Video I/O
• highgui: High-level GUI
• video: Video Analysis
• calib3d: Camera Calibration and 3D Reconstruction
• features2d: 2D Features Framework
• objdetect: Object Detection
• ml: Machine Learning
• flann: Clustering and Search in Multi-Dimensional Spaces
• photo: Computational Photography
• stitching: Images stitching
• gapi: Graph API
• dnn: Deep Neural Network module
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opencv + opencv_contrib > 70 modules

• aruco: Aruco markers, module functionality was moved to objdetect module
• ccalib: Custom Calibration Pattern for 3D reconstruction
• cudastereo: Stereo Correspondence
• dnn_objdetect: DNN used for object detection
• dnn_superres: DNN used for super resolution
• rgbd: RGB-Depth Processing
• sfm: Structure From Motion
• shape: Shape Distance and Matching
• stereo: Stereo Correspondance Algorithms
• structured_light: Structured Light API
• surface_matching: Surface Matching
• viz: 3D Visualizer
• wechat_qrcode: WeChat QR code detector for detecting and parsing QR code
• ……
• ……
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import cv2 as cv

# load image
im = cv.imread('building.jpg')
# convert colour image to grey image
im_grey = cv.cvtColor(im, cv.COLOR_BGR2GRAY)
# Gaussian blur
im_blur = cv.GaussianBlur(im_grey, (3, 3), 0, 0)
# Canny edge detection
edges = cv.Canny(im_blur, 25, 75, 3)
# show results
cv.imshow('source', im)
cv.imshow('edges', edges)
cv.waitKey()

Basic Usage:



opencv + opencv_contrib > 70 modules

• core: Core Functionality
• imgproc: Image Processing
• imgcodecs: Image file reading and writing
• videoio: Video I/O
• highgui: High-level GUI
• video: Video Analysis
• calib3d: Camera Calibration and 3D Reconstruction
• features2d: 2D Features Framework
• objdetect: Object Detection
• ml: Machine Learning
• flann: Clustering and Search in Multi-Dimensional Spaces
• photo: Computational Photography
• stitching: Images stitching
• gapi: Graph API
• dnn: Deep Neural Network module.
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Inference framework, compatible with different network formats.
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# 1. Load input and deep learning model
frame = cv.imread('lena.jpg')
net = cv.dnn.readNet('la_muse.t7')
# 2. Pre-processing
inWidth = frame.shape[1]
inHeight = frame.shape[0]
inp = cv.dnn.blobFromImage(frame, 1.0, (inWidth, inHeight),

(103.939, 116.779, 123.68), swapRB=False, crop=False)
# 3. Set model input
net.setInput(inp)
# 4. Infer
out = net.forward()
# 5. Post-processing
out = out.reshape(3, out.shape[2], out.shape[3])
out[0] += 103.939
out[1] += 116.779
out[2] += 123.68
out /= 255
out = out.transpose(1, 2, 0)
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Version 3.1, Dec 2015
- Debut
- In opencv_contrib

Version 3.3, Aug 2017
- In main repo
- Halide backend for GPU

Version 3.4, Dec 2017
- Javescript binding
- OpenCL acceleration

Version 3.4.1, Feb 2018
- Intel IE backend 

Version 4.0, Dec 2018
- Vulkan backend

Version 4.1.2 Oct 2019
- High-level API improvement
- dnn::Model
- dnn::ClassificationModel
- ….

Version 4.2, Dec 2019
- CUDA backend

Version 4.3, Apr 2020
- Tengine-based 

acceleration on ARM

Version 4.5.4, Oct 2021
- 8-bit quantization support
- DNN optimization for RISC-V

Version 4.6.0, June 2022
- TIM-VX NPU backend

Version 4.7.0, Dec 2022
- Significant convolution optimization
- CANN NPU backend

OpenCV DNN Evolution

original from zhiwen wu

Version 5.0
- Net 2.0New  NPU backend



• Easy-to-use API
• Supports multiple devices (CPU, GPU, NPU, FPGA) and OS (Linux, Windows, MacOS, Android)
• Backend framework to leverage different acceleration library
• Users can implement custom layers in C++ or Python

ONNX

Unit tests + Examples

Simple C++ & Python Interface

DNN Graph Engine + Layers (quantization is supported now) Importers

Backend API
Default cross-

platform 
backend

High-speed 
inference on Intel 

CPUs, GPUs, 
VPUs, FPGA

For GPUs, 
including mobile

High-speed 
inference on 
Nvidia GPUs 
via cuDNN

Inference   
on RISC-V

TIM-VX
CANN

… Caffe
Univ. intrin

parallel_for()

OpenCL

NPU
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General Usage
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1. load deep learning model

2. set model input

3. execute inference
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im = cv.imread('lena.jpg')
h, w, _ = im.shape

detector = cv.readNet('yunet.onnx’)

inputBlob = cv.dnn.blobFromImage(image=im, size=[w,h])
detector.setInput(inputBlob)
outputBlob = net.forward(['loc', 'conf', 'iou'])

faces = postProcess(outputBlob)
im_res = visualize(im, faces)
cv.imshow('res', im_res)
cv.waitKey()



working with different devices and backends
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1. load deep learning model

2. set model input

3. execute inference

set device and backendnet.setPreferableTarget()
net.setPreferableBackend()
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Target
Backend CPU OPENCL OPENCL_FP16 MYRIAD VULKAN FPGA

CUDA
CUDA_16

NPU

OPENCV √ √ √ × × × × ×

HALIDE √ √ × × × × × ×

INFERENCE
_ENGINE √ √ √ √ × √ × ×

VKCOM × × × × √ × × ×

CUDA × × × × × × √ ×

TIMVX × × × × × × × √

CANN × × × × × × × √

Combination of Target&Backend
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im = cv.imread('lena.jpg')
h, w, _ = im.shape

detector = cv.readNet('yunet.onnx')

detector.setPreferableTarget(cv.dnn.DNN_TARGET_NPU)
detector.setPreferableBackend(cv.dnn.DNN_BACKEND_TI
MVX)

inputBlob = cv.dnn.blobFromImage(image=im, size=[w,h])
detector.setInput(inputBlob)
outputBlob = net.forward(['loc', 'conf', 'iou'])

faces = postProcess(outputBlob)
im_res = visualize(im, faces)
cv.imshow('res', im_res)
cv.waitKey()
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Khadas VIM3



Specialized API
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• text detection & recognition
• cv.dnn.TextDetectionModel
• cv.dnn.TextRecognitionModel

• face detection & recognition
• cv.FaceDetectorYN
• cv.FaceRecognizerSF

• object tracking
• cv.TrackerDaSiamRPN
• cv.TrackerNano
• cv.TrackerVit

• bardcode & qrcode detection
• cv.barcode.BarcodeDetector
• cv.wechat_qrcode_WeChatQRCode
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im = cv.imread('lena.jpg')
h, w, _ = im.shape

detector = cv.readNet('yunet.onnx')
inputBlob = cv.dnn.blobFromImage(image=im, size=[w,h])
detector.setInput(inputBlob)
outputBlob = net.forward(['loc', 'conf', 'iou'])
faces = postProcess(outputBlob)

im_res = visualize(im, faces)
cv.imshow('res', im_res)
cv.waitKey()
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im = cv.imread('lena.jpg')
h, w, _ = im.shape

detector = cv.FaceDetectorYN.create(model='yunet.onnx'
, input_size=[w,h], config='')
faces = detector.detect(im)

im_res = visualize(im, faces)
cv.imshow('res', im_res)
cv.waitKey()



OpenCV Model Zoo & Benchmark
https://github.com/opencv/opencv_zoo

• A collection of high-quality free models
• ONNX format, INT8 or FP32
• Python examples to illustrate the use of models
• Automated performance comparison
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https://github.com/opencv/opencv_zoo
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face detection (yunet) and face expression recognition (progressive teacher)
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https://github.com/opencv/opencv_zoo/tree/main/models/face_detection_yunet
https://github.com/opencv/opencv_zoo/tree/main/models/facial_expression_recognition


face detection (yunet) and face recognition (sface)
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https://github.com/opencv/opencv_zoo/tree/main/models/face_detection_yunet
https://github.com/opencv/opencv_zoo/blob/main/models/face_recognition_sface


human segmentation (pphumanseg)license plate detetion (yunet)
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https://github.com/opencv/opencv_zoo/tree/main/models/human_segmentation_pphumanseg
https://github.com/opencv/opencv_zoo/tree/main/models/license_plate_detection_yunet


object detection

(nanodet) (yolox)
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https://github.com/opencv/opencv_zoo/tree/main/models/object_detection_nanodet
https://github.com/opencv/opencv_zoo/tree/main/models/object_detection_yolox


object tracking (vittrack)
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https://github.com/opencv/opencv_zoo/tree/main/models/object_tracking_vittrack


persion detection (mp-persondet)

pose estimation (mp-pose)
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https://github.com/opencv/opencv_zoo/tree/main/models/person_detection_mediapipe
https://github.com/opencv/opencv_zoo/tree/main/models/pose_estimation_mediapipe


hand pose estimation (mp-handpose)
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https://github.com/opencv/opencv_zoo/tree/main/models/handpose_estimation_mediapipe


QR code recognition (wechatqrcode)
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https://github.com/opencv/opencv_zoo/tree/main/models/qrcode_wechatqrcode


(ppocr-det)

Chinese English
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https://github.com/opencv/opencv_zoo/blob/main/models/text_detection_ppocr


Models & Benchmark Results

Hardware:
x86-64:
Intel Core i7-12700K
ARM:
Khadas VIM3 Khadas VIM4 Khadas Edge 2 Atlas 200 DK Atlas 200I DK A2 NVIDIA Jetson Nano B01 NVIDIA Jetson Nano Orin Raspberry Pi 4B
Horizon Sunrise X3 MAIX-III AXera-Pi Toybrick RV1126
RISC-V:
StarFive VisionFive 2 Allwinner Nezha D1 Xuantie C906 CPU 29

https://www.intel.com/content/www/us/en/products/sku/134594/intel-core-i712700k-processor-25m-cache-up-to-5-00-ghz/specifications.html
https://www.khadas.com/vim3
https://www.khadas.com/vim4
https://www.khadas.com/edge2
https://e.huawei.com/en/products/computing/ascend/atlas-200
https://www.hiascend.com/hardware/developer-kit-a2
https://developer.nvidia.com/embedded/jetson-nano-developer-kit
https://www.nvidia.com/en-us/autonomous-machines/embedded-systems/jetson-orin/
https://www.raspberrypi.com/products/raspberry-pi-4-model-b/specifications/
https://developer.horizon.ai/sunrise
https://wiki.sipeed.com/hardware/en/maixIII/ax-pi/axpi.html
https://t.rock-chips.com/en/portal.php?mod=view&aid=26
https://doc-en.rvspace.org/VisionFive2/Product_Brief/VisionFive_2/specification_pb.html
https://d1.docs.aw-ol.com/en
https://www.t-head.cn/product/C906?spm=a2ouz.12986968.0.0.7bfc1384auGNPZ


Build a face recognition system using OpenCV

• Face recognition in brief
•How to build the FR system using OpenCV
•Assignment
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What is face recognition?
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A: Found in database

Input

A B C

…

Face Recognition

Algorithm

Database
B: Found in database

C: Not Found

…

1:N Face recognition: Is the input found in database?



What is face recognition?

32

Face Recognition

Algorithm

Database

Z

A, Z: Same ID

B, Z: Different ID

C, Z: Different ID

Input

A B C

…

…

1:1 Face recognition: Does the input have same ID as Z?



Face Recognition System Pipeline
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input images face detection face 
alignment

calculate 
similarity

face 
representation

same identity

different identities



Face Recognition System Pipeline
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• Face detection: get bounding boxes of faces
o Traditional methods: Viola-Jones detector, etc.

o Deep learning-based methods:

Face Detection

Yuantao Feng, et al. "Detect Faces Efficiently: A Survey and Evaluations". IEEE TBIOM. (2021).



Face Recognition System Pipeline
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• Face alignment: obtain a canonical layout of the 

unconstrained face

o Landmark-based methods

o Landmark-free methods

Face 
Alignment

landmark-free
coordinate regression
heatmap regression
3D model fitting

landmark-based

Du, Hang et al. "The elements of end-to-end deep face recognition: A survey of recent advances". arXiv:2009.13290. (2020).



Face Recognition System Pipeline
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• Face representation: extract discriminative features 

from aligned face images

o Traditional methods: Eigenface, Gabor, LBP etc.

o Deep learning-based methods:

Face 
Representation

classification
feature embedding semi-supervised

hybrid

Du, Hang et al. "The elements of end-to-end deep face recognition: A survey of recent advances". arXiv:2009.13290. (2020).



Face recognition system: architecture
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Face detection Face alignment Feature
database

Face detection Face alignment Face 
representation

Registration 
image

Camera 
stream Result

Registration 

Recognition

Face 
representation

Calculate
similarity



Building the FR system!

38

• Face detection with cv.FaceDetectorYN:

• Works with YuNet:

https://github.com/opencv/opencv_zoo -> models -> face_detection_yunet

• Note: faces of pixels 10x10 to 300x300 can be detected.

• Call setInputSize() if the actual input size is different from the 

initialized.

• Returns a length-2 tuple:

• results[0]: no use

• results[1]: 

• None, if no face detected

• Numpy array of shape: nx15, [[x1, y1, w, h, lm1_x, lm1_y, …, score], …]
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https://github.com/opencv/opencv_zoo


Building the FR system!

39

• Face recognition with cv.dnn.FaceRecognizerSF

• Works with SFace:

https://github.com/opencv/opencv_zoo -> models -> 

face_recognition_sface

• Call cv.FaceRecognizerSF.alignCrop with the image and the 

face bounding box to get aligned face crop.

• Call cv.FaceRecognizerSF.feature with the aligned face to 

extract face feature.

• Call cv.FaceRecognizerSF.match with two extracted features 

to calculate score for match.
• match(f1, f2, 0): cosine similarity, threshold 0.363

• match(f1, f2, 1): L2 distance, threshould 1.128
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https://github.com/opencv/opencv_zoo


Live Demonstration
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face+gesture recognition

WSB2023 Yangruohong,Zhanghui

41



Assignment
A. Build a 1:N face recognition system with camera stream as input using OpenCV.

Write a report about your system in English .

B. Build any other kind of biometric recognition system using OpenCV. Write a report 

about your system in English .

Notes:

• Choose A or B for assignment. Team up with students from different universities.

• Reference: https://github.com/OpenCVChina/WSB-assignment.

• Bonus:
• Hand pose recognition for registering unknown identities / removing identities from database.

• Other creative interactions using deep learning models …

• Send your report & code to: jia.wu@opencv.org.cn (subject line: [WSB] TeamName-ProjectTitle)

• Deadline: 2024-01-24 23:59:59 (UTC+8)

• Awards will be given to the top-3 teams. 42

https://github.com/OpenCVChina/WSB-assignment
mailto:jia.wu@opencv.org.cn


Thank You!

QQ频道


