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A.1 OpenGLHelper.h

OpenGLHelper.h

#ifndef OpenGLHelper h
#define OpenGLHelper h
#ifdef ASSERT OPENGL

#define WT GL ASSERT( gl code ) { \
gl code ; \
GLenum  wt gl error code = glGetError(); \
if (__wt gl error code != GL NO ERROR ) { \

|
printf ("OpenGL error '%x' occured at line %d inside
function %s\n",

__wt gl error code , LINE ,  PRETTY FUNCTION ); \

b

}

#define WT GL ASSERT AND RETURN(  assign to , gl code

) {0\

__assign to = gl code ; \
GLenum  wt gl error code = glGetError(); \
if (  wt gl error code != GL NO ERROR ) { \

!
printf ("OpenGL error '%x' occured at line %d inside
function %s\n",

__wt gl error code , LINE ,  PRETTY FUNCTION_ ); \
FoA

}
felse

#define WT GL ASSERT( gl code ) gl code

#define WT GL ASSERT AND RETURN( _ assign to , gl code

) __assign _to =

gl code
#endif
#endif

A.2 Kiac FaceDetactor

typedef void ("FlushBlock) ();

@interface SSFaceDetector : NSObject

- (instancetype)initWithCameraView: (UIView *)view
scale: (CGFloat) scale

flushBlock: (FlushBlock)block;

@property (nonatomic, readonly) BOOL isCapturing;

@property (nonatomic, readonly) float *modelView;

@property (nonatomic, readonly) float *projection;

- (void) startCapture;

- (void) stopCapture;
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- (void)calibrate;

@end

#ifdef  cplusplus

#import <opencv2/opencv.hpp>

#import <opencv2/highgui/cap ios.h>

fendif

#import <math.h>

#import <libkern/OSAtomic.h>

#import "SSFaceDetector.h"

#import "SSModelBuilder.h"

using namespace cv;

static int const kMaxPointsCount = 100;

static CFIndex const kCascadeNamelLen = 2048.1;

static cv::Size const kSubPixWinSize (10, 10);//,
kWinSize (21,21);

@interface SSFaceDetector () <CvVideoCameraDelegate> {

volatile OSSpinLock flushLock;

CascadeClassifier faceDetector;
CascadeClassifier rightEyeDetector;
CascadeClassifier leftEyeDetector;
CascadeClassifier mouthDetector;
CascadeClassifier noseDetector;

/*

We use two sets of points

in order to swap pointers.

*/
Mat gray, prevGray;
vector<uchar> status;
vector<Point2f> points, prevPoints;
vector<Point3f> modelProjection;

vector<cv::Rect> faceRects; //do we need property?

cv::Mat modelView;
float projection([1l6]; //TODO: change to cv::Mat
}
@property (nonatomic, copy) FlushBlock flushBlock;
@property (nonatomic, strong) CvVideoCamera* wvideoCamera;
@property (nonatomic, assign) CGFloat scale;
@end
@implementation SSFaceDetector
- (instancetype)initWithCameraView: (UIView *)view
scale: (CGFloat)scale flushBlock:
(FlushBlock)block {
self = [super init];
if (self) {
memset (& projection, 0, 16 * sizeof (float));
_flushLock = OS_SPINLOCK INIT;
_modelView cv::Mat::zeros (4, 4, CV_64F);



}
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self.scale = scale;
self.flushBlock = block;

[self setupCameraWithView:view];
[self setupClassifiers];

return self;

(void) setupCameraWithView: (UIView *)view {
self.videoCamera = [[CvVideoCamera alloc]

initWithParentView:view];

self.videoCamera.defaultAVCaptureDevicePosition =

AVCaptureDevicePositionFront;

self.videoCamera.defaultAVCaptureSessionPreset

AVCaptureSessionPreset640x480;

self.videoCamera.defaultAVCaptureVideoOrientation =

AVCaptureVideoOrientationPortrait;

}

self.videoCamera.defaultFPS = 60;
self.videoCamera.grayscaleMode = NO;
self.videoCamera.delegate = self;

(void) setupClassifiers {
[self setupFaceRecognition];
[self setupEyeRecognition];
//[self setupMouthRecognition];
//[self setupNoseRecognition];
(void) setupFaceRecognition {
[self setupClassifier: faceDetector
withResourceName:(@"haarcascade frontalface alt2"];

(void) setupEyeRecognition {
[self setupClassifier: leftEyeDetector
withResourceName:@"haarcascade lefteye 2splits"];
[self setupClassifier: rightEyeDetector
withResourceName:@"haarcascade righteye 2splits"];

(void) setupMouthRecognition {
[self setupClassifier: mouthDetector
withResourceName:(@"haarcascade mcs mouth"];

(void) setupNoseRecognition {
[self setupClassifier: noseDetector
withResourceName:(@"haarcascade mcs nose"];

(void) setupClassifier: (CascadeClassifier &)classifier
withResourceName: (NSString *)name {
char *cascadeName = (char *)malloc (kCascadeNameLen) ;
NSString *eyesCascadePath = [[NSBundle mainBundle]

pathForResource:name

ofType:@"xml"];
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CFStringGetFileSystemRepresentation ( (CFStringRef)eyesCascad

cascadeName,
kCascadeNamelen) ;

ePath,
classifier.load (cascadeName) ;
free (cascadeName) ;
}
#pragma mark - Public

(void) startCapture {
[self.videoCamera start];

(void) stopCapture; {
[self.videoCamera stop];

(BOOL) isCapturing {

return self.videoCamera.running;

(float *)modelView {

return & modelView.at<float> (0,

(float *)projection {
return & projection[O0];

(void) calibrate {

0);

OSSpinLockLock (& flushLock) ;

[self freeResources];

OSSpinLockUnlock (& flushLock);

}

#fpragma mark - CvVideoCameraDelegate

vector<cv::Rect> rects
withScale:self.scale multiple:NO];
if (rects.empty()) {
[self freeResources];
}

int 1 = 0;

for(vector<cv::Rect>::const_iterator rect

!= rects.end();
i++ )

{

rect rect++,

NSAssert (i < 1,

cv::Rect
faceRect
faceRect.y
faceRect.width *=
faceRect

* =

float resize 0.8;
float dx

float dy

@"We handle only

faceRect.height *
faceRect.width *

(void)processImage: (cv::Mat &)image {

[self detectFacesOn:image

rects.begin () ;

one face.");

faceRect = *rect;
.Xx *= self.scale;
self.scale;
self.scale;
.height *= self.scale;

(1
(1

/ 2;
/ 2;

- resize)
resize)



82

faceRect.x += dx;

faceRect.y —-= dy;
faceRect.width *= resize;
// faceRect.height *= resize;

#ifdef DEBUG
rectangle (image, faceRect, Scalar(0,0,255), 1, 8, 0);
#endif

cvtColor (image, gray, COLOR BGR2GRAY) ;
_points.clear();
_status.clear();
OSSpinLockLock (& flushLock) ;
[self performOpticalFlowCalculationWithGray: gray
prevGray: prevGray
points: points
prevPoints: prevPoints
status: status
inRect:faceRect
scale:self.scale]

if (! status.empty() && ![self
isTrackingAvailableWithStatus: status]) {
_status.clear();
_prevPoints.clear();
~modelProjection.clear();

}

if ( status.empty() || _points.empty()) {
OSSpinLockUnlock (& flushLock);
return;

}

#ifdef DEBUG
for (size t 1 = 0; 1 < points.size(); it++) {
if (_status[i]) A
line (image, prevPoints[i], points[i],
Scalar (0,0,255), 4);
} else {
line (image, prevPoints[i], points[i],
Scalar (255,0,0), 2);
}

}
#fendif

[self updateProjectionIfNeededWithRect:faceRect];

vector<Point3f> activeModelPoints;
vector<Point2f> activelImagePoints;

int 1 = 0;
for (vector<uchar>::iterator active = status.begin();



active != status.end() || 1 <
_modelProjection.size() || 1 < points.size();

active++, i++) {

if (*active) {

activeModelPoints.push back( modelProjection[i]

activelImagePoints.push back( points[i]);

}

OSSpinLockUnlock (& flushLock) ;
if (activelImagePoints.size() !=
activeModelPoints.size () ||
< 4)
return;

[self calculateMatrixWithModelPoints
imagePoints

self.flushBlock();

}

#pragma mark - CV

- (void) findChessCorners: (cv::Mat &) image
std::vector<cv::Point2f> chessPoints;
findChessboardCorners (image, cv::Size (7,

if (chessPoints.empty()) return;
std::vector<cv::Point2f> imagePoints (4);
imagePoints[0] = chessPoints[0];
imagePoints[1] = chessPoints[6];
imagePoints[2] =
imagePoints[3] =
// std::vector<cv::Point2f> imagePoints =
Generate2DPoints (image) ;
std::vector<cv::Point3f> objectPoints =

chessPoints[chessPoints.
chessPoints[chessPoints.

activeModelPoints.size ()

ractiveModelPoints
ractiveImagePoints
inImage:

image];

9), chessPoints);

size() - 71;
size() - 11;
Generate3DPoints () ;

[self calculateMatrixWithModelPoints:objectPoints
imagePoints:imagePoints
inImage:image];

}

- (vector<cv::Rect>)detectFacesOn: (Mat &) image
withScale: (double) scale
multiple: (BOOL)multiple {

Mat gray,
cvRound (image.cols/scale), CV _8UC1);

cvtColor (image, gray, COLOR BGR2GRAY) ;

resize(gray, smalllImg, smalllImg.size(),
INTER_LINEAR);

equalizeHist (smallImg, smalllImg);

0,

smallImg (cvRound (image.rows/scale),

0,
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double scalingFactor = 1.1;
int minRects = 2;
cv::5ize minSize (30, 30);

_faceDetector.detectMultiScale (smallImg, faceRects,
scalingFactor, minRects,
(multiple ? O
CASCADE FIND BIGGEST OBJECT),
minSize) ;

return faceRects;
}
- (void)performOpticalFlowCalculationWithGray: (cv::Mat &)gray
prevGray: (cv::Mat
&) prevGray
points: (vector<Point2f>
&) points
prevPoints: (vector<Point2f>
&) prevPoints
status: (vector<uchar>
&) status
inRect: (cv::Rect)rect
scale: (float)scale {

TermCriteria termcrit (CV_TERMCRIT ITER | CV_TERMCRIT EPS,
20, 0.3);

if (prevPoints.empty()) {
//Feature detection is performed here...
goodFeaturesToTrack (gray, points, kMaxPointsCount,
0.01, 45, Mat(), 3, 0, 0.04);
cornerSubPix (gray, points, kSubPixWinSize,
cv::Size (-1, -1), termcrit);
points = [self points:points byFiltringInRect:rect];
} else {
Mat err;
calcOpticalFlowPyrLK (prevGray, gray,
prevPoints, points,
status, err);
cornerSubPix (gray, points, kSubPixWinSize,
cv::Size (-1, -1), termcrit);

std::swap (points, prevPoints);
cv::swap (prevGray, gray);
}
#pragma mark - Helper
- (BOOL) isTrackingAvailableWithStatus: (vector<uchar>)status {

int features = 0;
for (vector<uchar>::iterator iterator = status.begin();
iterator != status.end():;

iterator++) {
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features += *iterator;
}
return features > 2;
}
- (void)updateProjectionIfNeededWithRect: (cv::Rect) faceRect ({
if ( modelProjection.empty()) {
_modelProjection = [self
updateModelProjectionWithRect: faceRect
points:
_points];
}
}

(vector<cv::Point3f>)updateModelProjectionWithRect: (cv::Rect) faceRec
t
points: (vector<cwv
::Point2f>)points {
std::vector<Point2f> origin (points.size());
std::transform(points.begin (), points.end(),
origin.begin (), [&faceRect] (Point2f point) {
Point2f topleft = faceRect.tl();
return point - topleft;
1)
return [SSModelBuilder projectPoints:origin
withSize:faceRect.size()
targetSize:cv::Size (1000, 1000)1]1;
}

(void) calculateMatrixWithModelPoints: (vector<Point3f>)modelPoints
imagePoints: (vector<Point2f>) imagePo
ints
inImage: (cv::Mat &) image {

float focal length = MAX(image.cols, image.rows); //
Approximate focal length.
Point2f center = cv::Point2f (image.cols / 2, image.rows /
2);
cv::Mat cameraMatrix = (cv::Mat <double>(3,3) <<
focal length, 0, center.x,
0, focal length, center.y,

0, 0, 1)
cv::Mat
distCoeffs(cv::Mat::zeros(4,1,cv::DataType<double>::type));
cv::Mat
rvec(cv::Mat::zeros (3,1, cv::DataType<double>::type));
cv::Mat

tvec (cv::Mat::zeros (3,1,cv::DataType<double>::type));
cv::solvePnP (modelPoints, imagePoints, cameraMatrix,
distCoeffs, rvec, tvec, false,

CV_ITERATIVE) ;

#ifdef DEBUG



vector<Point2f> projection;

projectPoints (modelPoints, rvec, tvec, cameraMatrix,
distCoeffs, projection);

for (int i = 0; 1 < projection.size(); i++) {

cv::1line (image, projection[i], imagePoints[i],

cv::Scalar (255,0,0), 2);

}

fendif

[self calcModelviewMat: modelView
fromRotVec:rvec
transVec:tvec];

[self calcProjectionMat:self.projection
fromCameraMat:cameraMatrix
withScreenSize:CGSizeMake (image.cols, image.rows)
znear:50
zfar:5000];
}
- (std::vector<Point2f>)points: (vector<Point2f>)points
byFiltringInRect: (cv::Rect)rect {
size t size = 0;
std::vector<Point2f> pointsInRect (points.size());
std::copy if (points.begin(), points.end(),
pointsInRect.begin(), [&rect, &size] (Point2f
point)
{
if (rect.contains (point)) {
size++;
return YES;
}
return NO;
}) g
pointsInRect.resize (size);
return pointsInRect;
}
- (void)calcModelviewMat: (cv::Mat &)modelView
fromRotVec: (cv::Mat const &) rotVec
transVec: (cv::Mat const &) tVec {

cv::Mat rotation;

cv::Mat viewMatrix(cv::Mat::zeros (4, 4,
cv::DataType<double>::type));

cv::Rodrigues (rotVec, rotation);

for (unsigned int row=0; row<3; ++row)
{
for (unsigned int col=0; col<3; ++col)
{
viewMatrix.at<double> (row, col) =
rotation.at<double> (row, col);

}
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viewMatrix.at<double> (row, 3) =

}

viewMatrix.at<double> (3, 3) = 1.0f;

v::Mat cvToGl = cv::Mat::zeros (4, 4,
v::DataType<double>::type) ;

cvToGl.at<double> (0, 0) = 1.0f;

cvToGl.at<double>(1, 1) = -1.0f; // Invert the y axis

cvToGl.at<double> (2, 2) = -1.0f; // invert the z axis

cvToGl.at<double> (3, 3) = 1.0f;

viewMatrix = cvToGl * viewMatrix;

cv::transpose (viewMatrix , viewMatrix):;

viewMatrix.convertTo (modelView,

tVec.at<double> (row,
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}
/%

v::DataType<float>::type);

For the simple common case where the OpenCV camera matrix has

the form:

|fx 0 cx|
|10 fy cyl
|0 0O 1]
*/

- (void)calcProjectionMat:
fromCameraMat:
withScreenSize:

znear:

zfar:

memset ((void *)projMa

float fx =
float fy =

projMat
projMat

[ = 2.

[ 2.
projMat [

[

[

0
0
=
projMat -1.
projMat

.
4

}

- (void) freeResources {
_status.clear();
_points.clear();
_prevbPoints.clear();

=

cvRound (camMat .at<double> (0,
cvRound (camMat .at<double> (1,

] = - 2.0 * zfar * znear /

(float *)projMat
(cv::Mat const &)camMat
(CGSlze)screen

(float) znear
(float)zfar {

0, 16 * sizeof(float));

* fx / screen.width;

* fy / screen.height;
zfar + znear) /

f

(znear - zfar);

(znear - zfar);

_modelProjection.clear();

_prevGray = Mat();
_gray = Mat();
}
static float counter = 1;
std: :vector<cv::

{

Point2f> Generate2DPoints (cv

::Mat &image)
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}

std::vector<cv::Point2f> points;

counter -= 0.01;
if (counter < 0) counter = 1;
float x,vy;

x=image.cols * counter;y=image.rows * 0/3;
points.push back(cv::Point2f(x,y));

x=image.cols * counter;y=image.rows * counter;
points.push back(cv::Point2f(x,y));

x=image.cols * 0/3;y=image.rows * counter;
points.push back(cv::Point2f(x,y));

x=image.cols * 0/3;y=image.rows * 0/3;
points.push back(cv::Point2f(x,y));

x=image.cols * counter / 2;y=image.rows * counter / 2;

points.push back(cv::Point2f (x,y));

return points;

::vector<cv::Point3f> Generate3DPoints ()

std::vector<cv::Point3f> points;
float x,vy,2z;

x=-50.0;y=-50.0;2z=50;

points.push back(cv::Point3f(x,y,z));

x=50.0;y=-50.0;z=50;
points.push back(cv::Point3f(x,y,z));

x=-50.0;y=50.0;z=50;
points.push back(cv::Point3f(x,y,z));

x=50.0;y=50.0;2z=50;
points.push back(cv::Point3f(x,y,z));

return points;

@end

A.3 Knac ExternalRenderer

#import <Foundation/Foundation.h>
#import <QuartzCore/QuartzCore.h>
typedef void("ExternalRenderBlock) (CADisplayLink *displayLink);
@interface ExternalRenderer : NSObject

88



k;

@property (nonatomic, readonly) EAGLContext *context;
@property (nonatomic, strong) CAEAGLLayer *eagllayer;

- (void) stopRenderLoop;

- (void)bindBRuffer;

- (void) teardownRendering;

@end

@protocol SSRenderable <NSObject>

@property (nonatomic, assign) CGFloat scale;

- (void)drawAt: (NSTimeInterval) time;

- (void) setProjectionMatrix: (const float *)projectionMatrix;
- (void) setModelViewMatrix: (const float *)modelViewMatrix;
- (void) releaseProgram;

@end

#import "ExternalRenderer.h"

#import "OpenGLHelper.h"

#import <QuartzCore/QuartzCore.h>

#include <OpenGLES/EAGL.h>

#include <OpenGLES/ES2/gl.h>

#include <OpenGLES/ES2/glext.h>

@interface ExternalRenderer (

@property (nonatomic, strong) EAGLContext *context;
@property (nonatomic, strong) CADisplayLink *displayLink;
@property

)
)
)

nonatomic, assign) GLuint colorRenderBuffer;
) GLuint depthRenderBuffer;
)

(
(
(
@property (nonatomic, assign
(
(

@property (nonatomic, assign) GLuint framebuffer;
@property (nonatomic, copy) ExternalRenderBlock renderBlock;
@end

@implementation ExternalRenderer
- (void)setEagllayer: (CAEAGLLayer *)eaglLayer
{

_eaglLayer = eaglLayer;

self setupContext];

self setupDepthBuffer];
self setupRenderBuffer];
self setupFrameBuffer];

[
[
[
[

}
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(void) startRenderLoopWithRenderBlock: (ExternalRenderBlock) renderBloc

(void) startRenderLoopWithRenderBlock: (ExternalRenderBlock) renderBloc

k

{
NSParameterAssert (renderBlock) ;
self.renderBlock = renderBlock;
[self setupDisplayLink];

}

- (void) stopRenderLoop

[self.displayLink invalidate];
self.displayLink = nil;



- (void) teardownRendering

{
self.renderBlock = nil;
self.context = nil;

if (self.colorRenderBuffer) {
glDeleteRenderbuffers(l, & colorRenderBuffer);

}

if (self.framebuffer) {
glDeleteFramebuffers(l, & framebuffer);
}

}
- (void)bindBuffer

[EAGLContext setCurrentContext:self.context];

glBindRenderbuffer (GL RENDERBUFFER,
self.depthRenderBuffer);
glBindRenderbuffer (GL RENDERBUFFER,
self.colorRenderBuffer);
glBindFramebuffer (GL FRAMEBUFFER, self.framebuffer);
}
fpragma mark - Helper
- (void) setupContext
{
self.context = [[EAGLContext alloc]
initWithAPI:kEAGLRenderingAPIOpenGLES2];

if (!self.context) {
NSLog (@"Failed to initialize OpenGLES 2.0 context");
exit (1)
}
if (! [EAGLContext setCurrentContext: context]) {
NSLog (@"Failed to set current OpenGL context");
exit (1) ;

}
}
- (void) setupDepthBuffer
{
glGenRenderbuffers(l, & depthRenderBuffer);
glBindRenderbuffer (GL RENDERBUFFER,
self.depthRenderBuffer);
glRenderbufferStorage (GL _RENDERBUFFER,
GL_DEPTH COMPONENT16,
self.eagllayer.bounds.size.width,
self.eagllayer.bounds.size.height);
}
- (void) setupRenderBuffer
{
glGenRenderbuffers(l, & colorRenderBuffer);



glBindRenderbuffer (GL RENDERBUFFER,
self.colorRenderBuffer);
[self.context renderbufferStorage:GL RENDERBUFFER
fromDrawable:self.eaglLayer];
}
- (void) setupFrameBuffer
{
glGenFramebuffers (1, & framebuffer);
glBindFramebuffer (GL FRAMEBUFFER, self.framebuffer);
glFramebufferRenderbuffer (GL FRAMEBUFFER,
GL_COLOR ATTACHMENTO,
GL RENDERBUFFER,
self.colorRenderBuffer);
glFramebufferRenderbuffer (GL FRAMEBUFFER,
GL DEPTH ATTACHMENT,
GL RENDERBUFFER,
self.depthRenderBuffer);
glViewport (0, 0, self.eagllayer.frame.size.width,
self.eagllayer.frame.size.height);
}
- (void) setupDisplayLink
{
self.displayLink =
[CADisplayLink displayLinkWithTarget:self
selector:@selector(render:)];

[self.displayLink addToRunLoop: [NSRunLoop currentRunLoop]
forMode:NSDefaultRunLoopMode] ;
}

- (void)render: (CADisplayLink *)link

[EAGLContext setCurrentContext:self.context];
glDepthMask (true) ;

glClearColor(0.f, 0.3f, 0.3f, 1.f);
glClearDepthf (1.0f);

glClear (GL_COLOR BUFFER BIT | GL DEPTH BUFFER BIT);
glEnable (GL_DEPTH TEST) ;

if (self.renderBlock) {
self.renderBlock (link);
}

[self.context presentRenderbuffer:GL RENDERBUFFER] ;
[EAGLContext setCurrentContext:nil];

@end
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Classify One Image

Owner: ubuntu

faces image Classification Model

Predictions

me-cropped

other-cropped

Job Status Done

« Initialized at 04:50:22 PM (1 second)
+ Running at 04:50:23 PM {10 seconds)
« Done at 04:50:34 PM

(Total - 11 seconds)

Infer Model Done ~

Notes

None

Description Statistics Visualization

Data shape: [ 3 227 227]
data Mean: 1.66787

Std deviation: 67.7567
Activation

-1720.832
Value

Data shape: [96 3 11 11]
ConV1 Mean: -0.000192193

Std deviation: 0.0538488
Weights

(Convolution layer)

34,944 learned
parameters

Clone Job

Delete Job

99.7%

0.3%
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Data shape: [96 55 55]

ConV1 Mean: 16.4927
Std deviation: 48.6786
Activation

0.00 827.65e+3
Value

Data shape: [96 55 55]

norm1 Mean: 11.9165
Std deviation: 23.3132

Activation

0.00 69.4 139
Value

Data shape: [96 27 27]

pool" Mean: 26.1409
Std deviation: 32.5803

Activation

0.00 69.4 139
Value
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conv2

Weights
(Convolution layer)

307,456 learned
parameters

conv2

Activation

norm2

Activation

Data shape: [256 48 5 5]
Mean: -0.00138049
Std deviation: 0.0224899

T 1
-0.258.0588.373
Value

Data shape: [256 27 27]
Mean: 5.2726
Std deviation: 18.3718

0.00 209 418
Value

Data shape: [256 27 27]
Mean: 4.72547

Std deviation: 15.1745

0.00 69.3 139
Value
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Data shape: [256 13 13]

p°o|2 Mean: 13.0969

Std deviation: 25.1705
Activation

0.00 69.3 139
Value

Data shape: [384 256 3 3]
conva Mean: -0.000862584

Std deviation: 0.0150457
Weights

(Convolution layer)

885,120 learned

parameters
-0.16D.1440.456
Valua
Data shape: [384 13 13]
conv3 Mean: 6.49212
Std deviation: 16.2144
Activation

0.00 107 214
Value
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conv4

Weights
(Convolution layer)

663,936 learned
parameters

conv4
Activation

Data shape: [384 192 3 3]
Mean: -0.00129242
Std deviation: 0.0161757

L
-0.128 0938 316
Valua

Data shape: (384 13 13]
Mean: 3.30458
Std deviation: 8.11716

0.00 51.7 103
Value
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Data shape: [256 1923 3]

conv5 Mean: -0.00263172
Std deviation: 0.0175113
Weights
(Convolution layer)
442,624 learned
parameters
-0.128.0703.281
Valua
S
Data shape: [256 13 13]
convs Mean: 0.404745
Std deviation: 2.36035
Activation
0.00 26.6 53.1
Value
Data shape: [256 6 6]
p00|5 Mean: 1.48332
Std deviation: 4.63594
Activation
0.00 26.6 53.1

Value



fc6

Weights
{innerProduct layer)

37,752,832
learned
parameters

fcé

Activation

fc7

Weights
(InnerProduct layer)

16,781,312
learned
parameters

fc7

Activation

fc8

Weights
(InnerProduct layer)

8,194 learned
parameters

fc8

Activation

Data shape: [4096 9216]
Mean: -0.000306774
Std deviation: 0.00409036

-

-0.030D06@0437
Value

Data shape: [4096]
Mean: 0.545412
Std deviation: 1.59786

-

0.00 9.86 19.7
Value

Data shape: [4096 4096]
Mean: -0.000799385
Std deviation: 0.00566364

-

-0.026@09DI04TE
Value

Data shape: [4096]
Mean: 0.0977236
Std deviation: 0.365498

-

0.00 226 4.52
Value

Data shape: [ 2 4096]
Mean: -3.30214e-05
Std deviation: 0.0104389

-

-0.03B000928410
Value

Data shape: [2]
Mean: -0.0601876
Std deviation: 2.90158

Not shown

Not shown

Not shown
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softmax
Activation

Totals

-2 980 0602 .84
Value

Data shape: [2]
Mean: 0.5
Std deviation: 0.496991

— 1 1
0.00300.5000.997
Valua

Total learned parameters:
56,876,418
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JIOJIATOK B

Caaiiam npe3eHranii

X¥apHiBCEKHA HEWIOHANBHUA YHIBEPCHTET pPaOiDeneKTROHIKH
LleHTp nicnaoMnaomHoi oCem

Hadeapanporpamiol insenepil

ATECTAL|IMHA POBOTA

ApYyroro (MaricTepceRoro) pisHa BHLWLOT OCBITH

JloC/1ipKeHHsI MEeTO/IB Ta a/ITOPUTMIB
po3mni3HaBaHHA 00pa3iB B MOOLILHOMY

3aCTOCYHKY Ha PUCTPosix Apple

BHHOHEB: CTYaeHT 2 Kypcy rpynK IN3m3g-17-1 cnewianeHoCTI
121 IH#eHepia nporpamyoro safesneyeHHa KnumeHko A.C.

HayHoBWA HEPIBHMK: ,EI,UI.I,.ﬂEHUBHﬁ 0.9.

Xaprie, 2018

Pucynok B.1 — TutynsHuit cinai

MeTta poboTu:
O6'ekTom gocnipgeHHs € npouec igesTMdikauii ocobu za

BM3HaYeHUM Ha 300parkendHi obaMudAM N aMHK 4NA NpyUcTpois
Apple.

Metow poboTH € BAOCKOHANEHHA MEXaHIZMIE Ta NIAEMILEHHA
edeKTMBHOCTI NporpaMHMX cMcTem ana igeHTrdikauii ocib sa
06AMYYAM B PEXRMMI pEANDHOTO Yacy.

Metogu gocnigieHHa bazytoteca Ha meTogax yndpoeoi
obpobku curHanie, metTogax Teopil MaTeMaTHUYHOT CTATUCTUKM,
mMogentoeaHHi Ta gocnigHeHHi anropUTMie posnizHaeaHHA Ta
igeHTMdikayii ocobn.

Hayxoea HOBM3Ha — NOABA HOBMX TEXHOMOTIM, A 4OZBONAKTL
CYTTEEO MPUCHOPWMTU NPOLLEC po3nizHaBaHHA obpasie

Pucynok B.2 — Mera pobotu
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T .r L L - "r-.’ Ty 1
PoanizHaBaHHA 00pa3iB
PoznizHasaHHA obpasie (06 exTie, crnanis, cutyauiii,
Aaeuwl, abo npouecie) - 3apaaHHA igeHTUdikauii ob'exTa
abo euMsHavenHA Byab-AKMX MOro BNACTHMBOCTEN 33 Moro

zoBparmenHAm [ONTHUUHE posnizHaBaHHA) Ta IHWKMMK
XapaKTepUCTUKaMM.

| O KT

Pucynok B.3 — Busnauenns po3mnizHaBanHsi 00pa3iB

CucTeMa po3rizHaBaHHA 00pa3iB

PoanisHaeaHHA - We onepauia NopiBHAHHA Ta BU3HaYEHHA CTYNEHA
noaiBHocTi oBpasy KoHEpeTHoro of'ekTyY 3 oBpa3amu THIWLWY HOHKPETHMX
of'exTie 260 3 y3aranbHeHKUMIM 0Bpa3amu KNacie, B pe3yNsTaTi Aol
hopMyeTeCA pelRTHHr ob'exkTie abo Knacis No cnagatodil nogibHocTi
of'eHTOM, AKKA po3ni3HaHo

TN o - i
npa | Pospolied ereTem I
DR DR L i
ol T
J Asaniy Bl Pt ]
oo gmpn
Oy NI s 1
]
I

0 e ]
:b Beitti peiasind B""'Lm_' : ""'E'm"""““‘ e

wAICHE
ahmsy

1
1 1
1 Py Sutate [y 1
I Bt i 1
: CriTess poanissisn oipass :

Pucynok B.4 — Cucrema posnizHaBaHHS 00pa3iB
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[locTaHOBKaA 3aJa4i JOCai2KeHHA

* nobyaysatu moaens

* BU3HAYUTKM BUMOTM Ta 0OMeMeHHA

* BUAINMTKU Nig3agadi

* onucaty Habip moaynise Ta IxX yHKUIT, AKI
HeoOXxiaHI AnA po3s’A3aHHA nigsanad

* 0bpaTu TexHOMOriK NporpaMmyBaHHA Ta

BUKOHATK po3pobKy NporpamHoro
3abe3neyeHHsa

* BUKOHATK TECTYBaHHA O004THKY

Pucynox B.5 — IloctanoBKka 3aadi JOCIIHKEHHS

ANTOpUTMH pO3Mi3HABAHHA 34
00JIUYYAM

1. Anroputmu, wo HazyOTbCA Ha 3HaUeHHAX ACKPaBOCTI Nikcenis
2. Anroputmu, wo H6as3yroTbCA Ha XapaKTepHUX TOYKaX

Pucynox B.6 — AnroputMu po3mnizHaBaHHS 32 00IMYYSIM
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HpOToTHrm AHAJIOTH

Pucynok B.7 — IIpoToTunu-ananoru

Mojaesnb CHCTEMHU

.-.\.

-
- —

Pucynok B.8 — Mojens cucremu
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KackagHuil KiacudikaTop

BMKOPWUCTOBYHOUM METOA 03HaK Xaapa € MOXIMBICTb BU3HAUUTH,
UM NPUCYTHE Ha 306pameHHi ob6nnuua

Solpawcees  Bho Oz .
. E .

[ Knacaixarop ]

“"V—M:f -
NW o

Pucynok B.9 — Knacudikatop 3a o3aakamu Xaapa

[leperkoau npu posrisHaBaHHI

1) 3miHm macwraby

2) 3miHa yMmOB OCBITNeHHA

3) 3mixa opieHTauii 2306pakeHHA
4) 3cys 306paxkeHHA

5) 3minxa parypcy ob’ekty

6) BHyTpuknacosi sBigMmiHHOCTI

7) 3aBagm Ha 30bparkeHHAX

£££0€C
£8888
22222 B
0 b b L m———

Pucynok B.10 — Ilepemkoau mpu po3nizHaBaHH1

Lymu Ha 300paxeHHax
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AJTODUTMHU KODEKIIil

Inout
G
cocecinatos
3D¢ihee
DCT-2ased foaturcs
of acrma iz

Norrad 1ana duatase faces
-.p:!b‘cl ﬂ
\ raton
tm=:> v || | astaree
fosture M n
Feature
voctor
[T

Pucynok B.11 — Anroputmu Kopekiii 300pakeHb

Etanu POSINISHABAHHA
CHUCTEMORO
* Etan 1. Ha exin cvcTemu HagxoamTe TecTose sobpamedHa
obnuuua nioauHK e dopmati RGB, Ake npoxoauTe eTan
nonepeaHbol 0bpobrum;
* Etan 2. BusHayenHA nokaneHol obnacti sobpamedya obnuuya

NHAMHM MO cKNagoeol AcKpaBsocTi 2a anroputmom Bionw —
HoHca;

* Etan 3. Buainenua i kagpyeadHa ocobu iz 2aranbHob cUeHu;

* Etan 4. DopmysaHHA BEKTOPY 02HaK 0coBM Ha 0CHOERI
anropuUTAMY €BNacHUX ocibn;

* Etan 5. 3acTocyeanHAa wnacudikatopa, AkuiA B obnacTi sekTopis
03HaK sgiicHoe igeHTudikauio ocobu Ha sobpamenni.

Pucynok B.12 — Anroputmu kKopekiii 300pakeHb



ApxiTeKTypa CUCTeMHU

§ >0

e mesiages exnucn

Applicascn

FacelD
e
/ i oo ;
|
Use applicasion

——_ =
o R
Pucynok B.13 — ApxiTekTypa cuctemu
JliarpamMa rmocsiiJoBHOCT €1
interaction SequenceDiagram )
User View Model CompusetVision
é. 1 - select FacelD 2 : begin updating - ;
: 4. 1ec ;
" S o ﬂ
5 ’
i c:::ugyn o d : :
+ 6:¢ a . oV « »
T#" 8: ms\';};lnﬂ 17 mdsiz:z :

9 : destroyed

- 10 : destroyed

X

Pucynok B.14 — Jliarpama mocinigoBHOCTEH
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Jliarpama cTaHiB

Pucynox B.15 — Jliarpama craHiB

[epapxig MoayJiB porpaMmu

FanoEHHH MO G E
nporpamu

hogyne Basm naHk:

Moy igeHTHdica uji
ofinduYa

Ik gy e mETEKTYE AHHA
ofinKuya

Pucynok B.16 — lepapxist MoyJiB mporpaMu
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Te CTYBAHHA CUCTEMHU

155 I 0 N
1 17 N
ElSNmD

1
HEN 1NN

Tectose obanyya O3Haku Xaapa TPULA BASCHHUX

3o00paxeHb

!
)
.
ﬂt-

DparmeHT
HOPManizoBaHol
MaTpuui 3o0paxedb

Pucynoxk B.17 — TectyBanHs cucteMu

PesynbTat poOOTU CUCTEeMHU

Pucynok B.18 — Pe3ynbrat poboTtu cucremu
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BUCHOBKU

B pamHax BMKOHAHHA atecTtayiiHoil poboTwu:

L]

L]

L

npoBeneHo aHania npeameTHoi obnacTi;
3AIMCHEHO NOCTAHOBKY 38034l A0CAIAMEHHA;

NPOBEAEHO aHAMI3 MORTMBKMY LLNAXIE pO3B"AZaHHA Npobnemm Ta
NpoaHanizoBaHo icHYHUKM ANTOPUTMK PO3NIZHABAHHA 23 0BMUUAM;
BMHOHAHO NPOEKTYBaHHA Ta pO3pobKy NporpamMHol CHCTEMM 4NA
nnatgopmm Apple;

npoeefeHi eKCNEpUMEHTaNEHT JOCNI#MEHHA, AKI NIOTEE DOMYHOTE
rinoTesy Woao Mo#NMBOCTI BUKOPHCTAHHA XMapHOro Knacrepy ana
aHanizy zobpaxeHs Ta popmyeaHHA BMOIpHKM BNacHMx 300pameHb oA
NiABMLLEHHA WEBKMAKOAI pO3rNAHYTOro aAropMTMY Ha Naatgopmi
Apple;

A00aToOK NepeBipeHo Ha BigNoBIOHICTE BMMOTam Ta MeTl JocnigHeHHA

Pucynok B.19 — BucHoBku 1o po0oTi

Kyt 3a yBary!

Pucynok B.20 — OcTanHiii craiin



