
Table of Contents
Preface   1

Chapter 1: Setting Up OpenCV 7
Technical requirements 8
What's new in OpenCV 4 g
Choosing and using the right setup tools g

Insta lla tion  on W indow s 10
Using a ready-made OpenCV package 11
Building OpenCV from source 11

Insta lla tion  on m acO S 15
Using Homebrew with ready-made packages 15
Using Homebrew with your own custom packages 17

Insta lla tion  on D ebian, U buntu, L inux M int, and s im ila r sys tem s 17
Using a ready-made OpenCV package 18
Building OpenCV from source ig

Insta lla tion  on o the r U nix-like  system s 21
Running samples 22
Finding documentation, help, and updates 23
Summary 24

Chapter 2: Handling Files, Cameras, and GUIs 25
Technical requirements 26
Basic I/O scripts 26

R ead ing /w riting  an im age file  26
C onverting  betw een an im age and raw  bytes 29
A ccess ing  im age data w ith  num py.a rray  32
R ead ing /w riting  a v ideo  file  34
C apturing  cam era  fram es 36
D isp lay ing  an im age in a w indo w  38
D isp lay ing  cam era fram es in a w indow  39

Project Cameo (face tracking and image manipulation) 41
Cameo -  an object-oriented design 42

A bstrac ting  a v ideo  s tream  w ith  m anage rs .C ap tu reM anage r 42
A bstrac ting  a w indow  and keyboard  w ith  m anage rs .W indow M anager 48
A pp ly ing  everyth ing  w ith  cam eo.C am eo 49

Summary 52

Chapter 3: Processing Images with OpenCV 53
Technical requirements 53
Converting images between different color models 54

L igh t is not pa in t 55



Table of Contents

Exploring the Fourier transform 55
H PFs and LPFs 56

Creating modules 60
Edge detection во
Custom kernels -  getting convoluted 62
Modifying the application 64
Edge detection with Canny 66
Contour detection 68

Bound ing  box, m in im um  area rectangle , and m in im um  enc los ing  circ le  69
C onvex con tou rs  and the  D oug las-P eucker a lgorithm  73

Detecting lines, circles, and other shapes 75
D etecting lines 76
D etecting c irc les  77
D etecting  o the r shapes 78

Summary 79

Chapter 4: Depth Estimation and Segmentation 81
Technical requirements 82
Creating modules 82
Capturing frames from a depth camera 83
Converting 10-bit images to 8-bit 85
Creating a mask from a disparity map 88
Modifying the application 89
Depth estimation with a normal camera 92
Foreground detection with the GrabCut algorithm 99
Image segmentation with the Watershed algorithm юз
Summary 106

Chapter 5: Detecting and Recognizing Faces 107
Technical requirements 108
Conceptualizing Haar cascades 108
Getting Haar cascade data 109
Using OpenCV to perform face detection 110

P erfo rm ing  face  de tection  on a still im age 111
P erfo rm ing  face  de tection  on a v ideo 113
P erfo rm ing  face  recogn ition  117

Generating the data for face recognition 117
Recognizing faces 119
Loading the training data for face recognition 120
Performing face recognition with Eigenfaces 122
Performing face recognition with Fisherfaces 124
Performing face recognition with LBPH 125
Discarding results based on the confidence score 125

Swapping faces in the infrared 126
M odify ing the  app lica tion 's  loop 127



Table of Contents

M asking a copy opera tion  130
Summary 133

Chapter 6: Retrieving Images and Searching Using Image Descriptors 135
Technical requirements 1З6
Understanding types of feature detection and matching 136

D efin ing fea tu res  137
Detecting Harris corners 137
Detecting DoG features and extracting SIFT descriptors 140

A n a tom y o f a keypo in t 143
Detecting Fast Hessian features and extracting SURF descriptors 143
Using ORB with FAST features and BRIEF descriptors 145

FA S T 146
BR IEF 147
B ru te -fo rce  m atch ing 147
M atch ing  a logo in tw o  im ages 148

Filtering matches using К -Nearest Neighbors and the ratio test 151
Matching with FLANN 155
Performing homography with FLANN-based matches I60
A sample application -  tattoo forensics 164

Saving im age descrip to rs  to  file  164
S canning fo r  m atches I66

Summary 169

Chapter 7: Building Custom Object Detectors 171
Technical requirements 172
Understanding HOG descriptors 172

V isua liz ing  HOG 173
Using HOG to describe  reg ions o f an im age 175

Understanding NMS 176
Understanding SVMs 177
Detecting people with HOG descriptors 178
Creating and training an object detector 181

U nderstand ing  B oW  182
A pp ly ing  B oW  to  com pute r v is ion  183

к-means clustering 184
Detecting cars 184

C om bin ing  an SVM  w ith  a s lid ing  w indow  193
Detecting a car in a scene 194
Saving and loading a trained SVM 202

Summary 203

Chapter 8: Tracking Objects 205
Technical requirements 206
Detecting moving objects with background subtraction 206



Table of Contents

Im p lem enting  a bas ic  background su b trac to r 208
U sing a M O G  background sub trac to r 211
U sing a KNN background  sub trac to r 216
U sing G M G  and o the r background  sub trac to rs  218

Tracking colorful objects using MeanShift and CamShift 221
P lann ing  ou r M eanS h ift sam ple  222
C a lcu la ting  and back-pro jec ting  co lo r h is togram s 223

Understanding the parameters of cv2 .calcHist 226
Understanding the parameters of cv2 .calcBackProject 227

Im p lem enting  the  M eanS h ift exam ple  228
U sing C am S h ift 231

Finding trends in motion using the Kalman filter 232
U nders tand ing  the  pred ic t and update phases 233
Track ing  a m ouse cu rso r 234

Tracking pedestrians 237
P lann ing the  flow  o f the  app lica tion  237
C om paring  the  ob jec t-o rien ted  and func tiona l pa rad igm s 238
Im p lem enting  the  Pedestrian  c lass 240
Im p lem enting  the  m ain function  242
C ons idering  the  next steps 246

Summary 247

Chapter 9: Camera Models and Augmented Reality 249
Technical requirements 250
Understanding 3D image tracking and augmented reality 250

U nders tand ing  cam era  and lens param ete rs 253
U nders tand ing  cv2 .so lveP nP R ansac 258

Implementing the demo application 261
Im porting m odu les 261
Perfo rm ing  g raysca le  convers ion  262
P erfo rm ing  2 D -to -3 D spatia l convers ions 263
Im p lem enting  the  app lica tion  c lass 265

Initializing the tracker 266
Implementing the main loop 274
Tracking the image in 3D 275
Initializing and applying the Kalman filter 279
Drawing the tracking results and masking the tracked object 283

R unn ing  and tes ting  the  app lica tion  286
Improving the 3D tracking algorithm 291
Summary 292

Chapter 10: Introduction to Neural Networks with OpenCV 293
Technical requirements 294
Understanding ANNs 295

U nders tand ing  neurons and percep trons 297
U nders tand ing  the  layers o f a neura l ne tw ork  298



Table of Contents

Choosing the size of the input layer 299
Choosing the size of the output layer 299
Choosing the size of the hidden layer 299

Training a basic ANN in OpenCV зоо
Training an ANN classifier in multiple epochs зоз
Recognizing handwritten digits with an ANN зов

U nderstand ing  the  M N IS T  da tabase  o f handw ritten  d ig its  308
C hoosing  tra in ing  param ete rs  fo r the  M N IS T  da tabase  зю
Im plem enting  a m odule  to  tra in  the  AN N  310
Im p lem enting  a m in im al tes t m odule  315
Im p lem enting  the  m ain m odule  315
Trying to  im prove  the  A N N 's  tra in ing  321
Finding o the r po tentia l app lica tions  323

Using DNNs from other frameworks in OpenCV 324
Detecting and classifying objects with third-party DNNs 325
Detecting and classifying faces with third-party DNNs 329
Summary ззв

Appendix A: Bending Color Space with the Curves Filter______________ 339

Other Book You May Enjoy__________________________________________ 349

Index  351

[ v ]


