Machine Laerning
Part 1



Image Classification

Image Classification: A core task in Computer Vision

(assume given a set of labels)
{dog, cat, truck, plane, ...}

> cat




Image Classification

The Problem: Semantic Gap
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What the computer sees

An image is just a tensor of

integers between [0, 253]:

e.g. 800 x 600 x 3
(3 channels RGB)




Image Classification

Challenges: Viewpoint variation

184 103112 w97
3 104 w3 123 8wl
128 183 55 113 w0
12017 [T 1 a
£ 17 190 w05
55 B 142 oAt
55 54 5 41
199 &5 63 B 0L
nw T5om 7om
13 e =
188 180 4l 3 7
08 114 113 n &
kel 15 117 115 a7
i) 126 119 1\ e
L2 1% 139 119 11
02 preger Frogeee
1y 5t ous 183 17
a2 #3 a5 163 1y
53 57 &9 a4
1 134 114 5 6
1% 1T 182 "7
a3 95 18, 113w
n T 151 0 17
71 183 119 £5 4311
e

All pixels change when
the camera moves!



Image Classification

Challenges: Background Clutter




Image Classification

Challenges: lllumination




Image Classification

Challenges: Occlusion
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Image Classification

Challenges: Deformation




Image Classification

Challenges: Intraclass variation




Image Classification

An image classifier

def classify_image(image):

return class_label

Unlike e.g. sorting a list of numbers,

no obvious way to hard-code the algorithm for
recognizing a cat, or other classes.
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Image Classification

Attempts have been made

Find edges
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Image Classification

Machine Learning: Data-Driven Approach

1. Collect a dataset of images and labels
2. Use Machine Learning algorithms to train a classifier
3. Evaluate the classifier on new images

Example training set

def train(images, labels):
# Machine learning!
return model

def predict(model, test_images):

# Use model to predict labels
return test_labels

airplane
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Machine Learning

 Train & Predict
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Machine Learning

« Regression (2|7) vs. Classification (2&F
— Regression: HEX Q1 X7t =8
(ex) (ZI2t SFA &2t2tA) 7| L= Al S22 o=
— Classification: O| %l =X|g}f =4
(ex) (It 23) 0 = Atal, 1 = HfLLE
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Machine Learning

+ Supervised (X|=2}&) vs. Unsupervised (H|X| =5t
— Training data Off & (&4 or ground truth) £ F5F

Supervised Learning Unsupervised Learning
Data: (x, y) Data: x
X is data, y is label Just data, no labels!

Goal: Learn a functionto map x->y  Goal: Learn some underlying
hidden structure of the data
Examples: Classification,

regression, object detection, Examples: Clustering,
semantic segmentation, image dimensionality reduction, density
captioning, etc. estimation, etc.
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Machine Learning & OpenCV

« OpenCV Class

cv:Algorithm
T
cv=ml:StatModel

+ train{)
+ predict()

cvemizANN_MLP

cvumlzDTrees

cvaml:Boost

cvzml:RTrees

cvaml:EM

cvmil:zKNearest

cvzml:lLogisticRegression

cvzmlzMNormalBayesClassifier

ovamizSVM

cv:ml:SYMSDG




Machine Learning & OpenCV

« OpenCV Class

gHA 08

e

ANN_MLP

ol M artificial neural network) CES HAE E(muli-layer perceptrons). t2f 7§2]
BUSE TS MNAUE siEAE 4§11, 23 gioje(ol Cfst ZoiE &8 4 Qs

DTrees

0% oAt 3 Ez|(decision frees) Y12|E. DTrees SAE ChA| FAE YN2IEE
55t ml : iBoost SeiA%} HE E2|random tree) YD2IESE 1515t ml: :RTree 22
AL 20 JehA HELE 81 C}

Boost

£AEboosting) 2T21E, CH42] ofFt £57 (weak classifier)oll HEEt 715X Fofat

0f 450| 2 EEIIE Biek weelt

RTrees

e E2|(random tree) £ HWE FAAEandom forest) YT2|E, Y ERMHE O
+2| Ed|2 (5ol 1 dE HEeH BF T EHE +8RUCh

EM

7|57t Z|cHZHExpectation Maximization). 7}2AI9t £8 2E(Gaussian mixture
model}2 0|83t 218} Yn2|E2LCt

KNearest

k ZiZH 0lZ(k—Nearest Neighbor) 22215, k ZZE 0I% Y1e2lE2 ME GO[Ef2t ¢
Tet kel E GolEE 31, 0 3 7R H2 i40) sigcls SMAE ME dlolH 224
A2 XEELC,

LogisticRegression

2X|AE 3| Hlogistic regression), 012! 28 Ynz|Z0| YEQIL|CH

NormalBayesClassifier

it H0|= £5771, B Hi0l= 277 2 SiA0] S8 HEPH 8+ 22S =0 71
ELICE w2t Fid diole 22 7ieAR 28 2= B3 THsEILICE B Ho|= BRI
514 Ho|e|2 R 2} S2iA0l B HEel SEM HAS AlfelD, OIS oS0 ABELICE
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Machine Learning & OpenCV

« OpenCV Class

virtual bool StatModel::train(InputArray samples,

» samples

» layout

int layout,
InputArray responses);

=3 0| A
231 go|g] Bi x| 1. ROW SAMPLE = COL_SAMPLES R/AShct

»responses 2 Z2 diojelol] di25l= S0 @™

- gtett

HAEoZ 8i50| A2 E|H trueS UHEEH|CE

SampleTypes EMHE 4+ | 4%

ROW_SAMPLE 2} 3 Go[E7t samples Zofl & T TEEN USULCE

COL_SAMPLE Zt #3 Hjoig7t samples S0 B S92 MEEO AUSLICH
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Machine Learning & OpenCV

« OpenCV Class

virtual float StatModel::predict(InputArray samples,
OutputArray results = noArray(),

int flags = 0) const;

« samples ol diip{r} o 2|2 MEHE s OV 32F

» results Zt Y= ME0| tist o= Zoit MEAE g

» flags F7MEQ1 2 M= StatModel: :Flags EHE M= & 2 XHE += Slod, 2Ho| o
2t Al2#0| ChaLICh

« HIEH) 2l HIE7} LIS ZA00 CiEt SEo| BretELcE



K-Nearest Neighbor

Algorithm

- K7He| 28 O|R= Ot Ct2| O|RO| K& A=

def train(images, labels):

return model

def predict(model, test_images):

return test_labels
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Memorize all
data and labels

Predict the label
— of the most similar
training image

x1
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K-Nearest Neighbor

 Algorithm
— Take majority vote (Ct==& & H) from K closest points

K=1
(Template Matching)

21



K-Nearest Neighbor

Distance metric

deer bird plane cat car

—y
- A

Training data with labels

query data

Distance Metric | | - R
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e Distance metric

K-Nearest Neighbor

L1 distance:

test image
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K-Nearest Neighbor

Distance Metric

L1 (Manhattan) distance
di(Ii, ) =) _|[I7 - IF|
) 4

L2 (Euclidean) distance

dao(Ii, 1) = \/z (7 - 1)’

24



K-Nearest Neighbor

* Hyperparameters
- K
— Distance

* Demo
— http://vision.stanford.edu/teaching/cs231n-demos/knn/

25



K-Nearest Neighbor

« Setting Hyperparameters

BAD: K = 1 always works
perfectly on training data

Idea #1: Choose hyperparameters
that work best on the data

Your Dataset

BAD: No idea how algorithm
will perform on new data

Idea #2: Split data into train and test, choose
hyperparameters that work best on test data

train test
Idea #3: Split data into train, val, and test; choose Better!
hyperparameters on val and evaluate on test '
train validation test
Idea #4: Cross-Validation: Split data into folds,
try each fold as validation and average the results
fold 1 fold 2 fold 3 fold 4 fold 5 test
fold 1 fold 2 fold 3 fold 4 fold 5 test
fold 1 fold 2 fold 3 fold 4 fold 5 test

Useful for small datasets, but not used too frequently in deep learning




K-Nearest Neighbor

* OpenCV

static Ptr{kNearest) KNearest::create();

« B2 KNearest ZiHIZ EESHS Ptr ADIE Z2IE x|

virtual void KNearest::setDefaultK(int val);

. val kNN LT2|E0)M AF=2E Kk 2 StatModel @ ipredict() S48 AI2E A2 0|2 k ZE HEE!
Al 27sHok giLCh (default: k=10)

virtual void KNearest::setlIsClassifier(bool val);

- val 0| 20| trued|H 22 AE5l, falsel|™ 332 ARZEILICH



K-Nearest Neighbor

* OpenCV

virtual float KNearest::findNearest(InputArray samples,

int k,

OutputArray results,

OutputArray neighborResponses = noArray(),
OutputArray dist = noArray()) const;

* samples HIAE dojE HE7} 8 H92 MEE dE Y= YEo| XHE2 2 WEL| XAt Z20j0f 5t
o, & EIRIE CV_32FC10[0{0} ELICH

.k A28 227 02 T4 180} ZAHLE 7ok it
« vesults 2} I AE0] ChEt OIS(EF TE S7) ZUS AAE #F. samplesrowsx! 2

* neighborResponses

«dist

i)

718 2k, ERRI2 CV_3FCIQLC)

OIE0 AL2E kel 22E 0|2 SA HEE 91 9= #3 samplesrows xk
37|28 7 eI CV_3FCiYULh

o et oS0 ARE kWY RZY 01 HeE AT . samples,
rowsxk 27|12 #a1, E}YS CV_32FCIZLICY,

&= HE7} SILIRl A0 Chet SHO| BratELct

StatModel:predict() & ECt B2 HE st
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K-Nearest Neighbor

T 15-1 kNN 2T2IES 0|88t 218 H £ [ch15/knnplane]

#include "opencv2/opency . hpp"
#include {iostream?

using namespace cv;
using namespace cv::ml;
using namespace std;

Mat img;

Mat train, label;
Ptr{kNearest> knn;
int k_value = 1;

void on_k_changed(int, voidx);
void addPoint(const Point& pt, int cls);

void trainAndDisplay();

int main(void)

{

img
knn

]

Mat::zeros(Size(5680, 500), CV_8UC3);
KNearest::create();

}

namedindow( "knn");

createTrackbar("k", "knn", &k_value, 5, on_k_changed);

const int NUM = 30;
Mat rn(NUN, 2, CV_325C1);

randn(rn, 0, 50);
for (int i =0; i ¢ NUN; i++)
addPoint(Point(rn,at{int)(i, 0) + 150, rn.at{intX(i, 1) + 150), @);

randn{rn, @, 50);
for (int i =0; i ¢ NUM; i+)
addPoint{Point(rn.at{int>(i, ©) + 350, rn.at{int)(i, 1) + 158), 1);

randn(rn, 0, 70);
for (int i = 0; i < NUM; i+)
addPoint(Point(rn.atdint>(i, ©) + 250, rn.atintX(i, 1) + 4@0), 2);

trainAndDisplay();

waitKey();
return @;

void on_k changed{int, void#)

{

if (k_value € 1) k_value = 1;
trainAndDisplay();
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K-Nearest Neighbor

void addPoint(const Point& pt, int cls)

{

Mat new_sample = (Mat_<floatd(1, 2) & pt.x, pt.y);
train,push_back(new_sample);

Mat new_label = (Mat_{intp(1, 1) < cls);
label, push_back(new_label);

void trainAndDisplay()

{

knn->train(train, ROW SAMPLE, label);

for (int i =0; i ¢ img.rows; +i) {
for (int j = 8; j € img.cols; ++j) {
Mat sample = (Mat {floatd(1, 2) << j, i);

Nat res;
knn->findNearest(sample, k value, res);

int response = cvRound(res.at{float)(@, @));
if (response == 0)

img.atd{Vec3bp(i, i) = Vec3b(128, 128, 255); // R
else if (response == 1)

img,at{Vec3by(i, j) = Vec3b(128, 255, 128); // G
else if (response == 2)

img.at{Vec3by(i, j) = Vec3b(255, 128, 128); // B

81
82
83
84
85
86
a7
88
89
90
9
92
93
94
95
96
97

for (int i = @; i € train.rows; i+)

{

int x = cvRound(train.at{float>(
int y = cvRound(train.at{float>(
int 1 = label.at<int>(i, 0);

if (1 ==20)

circle(img, Point(x, y), 5,
else if (1 == 1)

circle(img, Point(x, y), 5,
else if (1 == 2)

circle(img, Point(x, y), 5,

}

imshow( "knn", img);

i, 0));
i,1));

Scalar(@, 0, 128}, -1, LINE_AA);

Scalar(@, 128, @), -1, LINE_AA);

Scalar(128, @, @), -1, LINE_AA);

30



K-Nearest Neighbor
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K-Nearest Neighbor

+ kNN = 0|82 Z7|H| <At 4

KMNearest
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K-Nearest Neighbor

TE 15-2 kNN LTRSS 0128 Z7|H 24 &8 [ch15/knndigits]

Ptr{KNearest> train_knn()

{
Mat digits = imread("digits.png", IMREAD_GRAYSCALE);

if (digits.empty()) {
cerr < "Image load failed!" <{ endl;
return @,;

Mat train_images, train_labels,;

for (int j = 0; j € 50; j++) {
for (int i = @; i € 100; i) {
Mat roi, roi_float, roi_flatten;
roi = digits(Rect(i 28, j = 28, 20, 20));
roi.convertTo(roi_float, CV _32F);
roi_flatten = roi_float.reshape(1, 1);

train_images.push_back(roi_flatten);
train_labels. push_back{j / 5);

}

Ptr{kNearest> knn = KNearest::create();
knn—»train(train_images, ROW SAMPLE, train labels);

return knn;

34



K-Nearest Neighbor

AC 15-3 OEEA 2 X 3207 [chi5/knndigits]

1 Point ptPrev(-1, -1);

02

03 wvoid on_mouse({int event, int x, int v, int flags, void* userdata)

1% B |

05 Mat img = *(Mat*)userdata;

06

07 if (event == EVENT_LBUTTONDOWN) {

08 ptPrev = Point{x, v);

0o } else if (event == EVENT_LBUTTONUP) {

10 ptPrev = Point(-1, -1);

11 } else if (event == EVENT_MOUSEMOVE &% (flags & EVENT_FLAG_LBUTTON)) {
12 line(img, ptPrev, Point{x, y), Scalar::all(255), 40, LINE_AA, 8);
13 ptPrev = Point{x, y);

14

i5 imshow("img™, img);

16 }

17 }



K-Nearest Neighbor

3E 15-4 KNearest SEAE 0S8 2714 27 214 [chi5/knndigits]
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int main{) 42 }
{ 43 }
Ptr<¥Nearest> knn = train_knn(); 44
45 return ©;
if (kon.empty()) { 46 }
cerr <{ "Training failed!" << endl;
return -1;
1

Mat img = Mat::zeros{400, 400, CV_8U);

imshow( "img", img);
setMouseCallback(™img”, on_mouse, (void*)&img);

while (true) {
int ¢ = waitKey(8);

if (c ==27) {
break,;
} else if (c=="' ") {
Mat img_resize, img_float, img_flatten, res.

resize{img, img_resize, Size(20, 20), 0, 0, INTER_AREA);
img_resize, convertTo(img_float, CV_32F);
img_flatten = img_float.reshape(1, 1);

knn—>findNearest(imo_flatten, 3, res);
cout << cvRound(res.at{float>(8, @)} < endl;

img.setTol@);
imshow("img", img);
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K-Nearest Neighbor




