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2. bgemzbmmo 0b63gegddob 3o9myggbgdol sMgeegdo s FogsEomgdo: 933MbMIMOO  ©R)RTZ9,
05853900L 3EgE0MHGds, GMIBLEMMEHOL 53EMbMTowMmo BoMmzs, LyBgEOEObMm OsYBMLE03S, Lsdgozobm
3990bsbmargdgdol ©s39853905, BsdB3M LgdBH™M®O, 93mbmTozMmo 3MMEglbgdol d3MMybmboMmgds, MolgdOL
930900, B3935, 29BN gBOL LGP MM,  bgzdmEMA0s,  FLOJMEMY0s,  oba30LE03S,  J39g3oL
906 g0s, MHYgLEMO0, 3s9mbobmEgdgdol sbsgrobo, 30:0dobseoliBogzs, MLogdmbMmgds s 5.98. - Yymzgwo
©5MA0LmM30L 45myg69d0l d355300m Boaswomgdol Fomdmopqbes.
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09005 - 30573030 1535MmK0dMIGOOL STMbULB..

360d8500 35sY39GS - 30900L 5EMM0mMTJOOL derm3-Iggdgdol Rs3mysgrodgds.

4. 06 BHMOMBO 5396(3g00. 9539690l LEHMWIEGMOS s 3OMYMTIO0, FsMEH030 MHIBWIJLMEOO
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3MLGOMO FoRO0MJO0 S F5070 BdMYsEI0dJOS.



5. 056g4s69M0 LHsgergds ©s @®ms Ufjsgergds. 3567o6mM0  bfsgegdol  goblobmg®gds, Ufsgagds
,05Uo3wgdmom“  (Supervised learning). Ufogangds ,,d5LHog3wgdeol  a5M9d9“ (Unsupervised Learning).
0564069960 Lfogegdol doamdgdo. m30mbfagegds, Mgacmabos, 3wsbGgMoboEos. M30mmMmAB0BYds©O
Lobgdgdo, 9564obmemo LHogamgdol 4s8myggbgdol Fogswomgdo s 3mb3MgGwo sdmdEbmdo LolbEgdgdol
B3969%5, 36M5dEH03Mw0 53m3565 Bsbgdsbmer Lfagwgdsdo - 4gmdgBHMOMWo BodMMYdOL sTM(36Mds.

6. bgenmgbmmo bgommbmmo Juigangdo. dw96gdGm0og0 byoMmbo s dobo LEHGWIGHWOwo gergdgb@gdo,
doM0mMO©O BMbJ30900. bgoMmbmwo mdGMmobs s 35650ydgdol 33w, bgwmzbm®o byodmbo, dobo
LAHOMIGHOS S 3090900, JOMIM060 s I35 IM0sB0  bgoMmbmwo  Jugrgdo,  3wsbog3035E0d,
3960Lg3GHMMbg00. 30830500l SIMEbMIOL Fogs0mo bgodMmbrmo Jugagdoo MatLab-ob g4sdmygbgdoo.

7. Lsbgos 58m3bmds s domdgB™os. d0mdgBMowo GJdbmemaogdo, 39M053035:309, 0I6EHO0RB03E0Ss.
00MmdgEHOH0Mo 58mEbmdol dg0mEIdOL JeslingozsEos. domIgBHMmoMwo 608bgdo (1035¢0, 3530WsE¥Eo
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99b390EMEo LobEgdol G998s39d0L Togswromo Clips-ob godmygbgdoom.

9.3m330MG9Mo  bggzs.  3odmbobyyagdol  Bm®IoMgds s HoMBmagbs,  godmbisbyyemmgdol
ob3MGBHODOE0s O J396EMYDS, PodmbobmEgdoms QomAx™mdLYds @O MYLBHIZMOG0s, FoTMBILYIEIGdIMS
3boe0bo, odmbobmagdol Lgadgb@eEos. gsdmbobwegdol s65oBol s bgRdgbEsEool  3ModEH03 wo
Jogoomgdo Matlab-ob godmygbgdoo.
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12, G@dmGHg00. bgermabamdo 0bGHgwgd@ol 90w HMmdmEGM@)]603500. HMdMEHIOOL sdmygbgds
Lbgoobbgs Lggmmdo. - sMIYdMEo sgowomgdol Bggbgdes

13. 93m@30M®mo  BmEIomhgds—a969303NMH0  5am®omdgdo, 303MoEvimo  0bEIEgdEHUILMMHOo
LobE8900. 39693039600 50AMOH0mTol IgEoE06530 25dmygbgdol dsgswwomo,

36LgdYo 300600 0bEHIYIE MO LolE)dgdol dodmbogngs.

14. bgeomgbyy®o 0BGy ol 80deomog3900, BMY0TZMMIIB0 O 53¢03530900
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39630050905,  g0030L  Lsgombgdo bgwmzbm® 0bGywgdBdo - 9gmozol 3063035006  hsdmyocodgds.
36190990 LORMMHYJOOL S MHOLIGOOL TogoomgdOL dmygsbe.

365g&0399w0 bsdmBom #5
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36MA6M500000 s MBGOMWO FoBMBObYYEMGds 250530Y356Mmm Bobstrer g3mMTo@do
99900930 B36Md96GH0L 459mygbgdoo:

#include <iostream>
#include <stdio.h>
#include <string.h>
#include <malloc.h>
unsigned char *read_bmp(char *fname,int* _w, int* _h) {
unsigned char head[54];
FILE *f = fopen(fname,"rb™);  // BMP header is 54 bytes
fread(head, 1, 54, f);
int w = head[18] + ( ((int)head[19]) << 8) + (((int)head[20]) << 16) + ( ((int)head[21]) << 24);
int h = head[22] + ( ((int)head[23]) << 8) + ( ((int)head[24]) << 16) + ( ((int)head[25]) << 24);
int lineSize = (w/8 + (w/ 8) % 4);
int fileSize = lineSize * h;
unsigned char *img = malloc(w * h), *data = malloc(fileSize);  // skip the header
fseek(f,54,SEEK_SET);  // skip palette - two rgb quads, 8 bytes
fseek(f, 8, SEEK_CUR);  //read data
fread(data,1,fileSize,f);  // decode bits
inti, j, k, rev_j;
forG=0,rev_j=h-1;j<h;j++ rev_j--) {
for(i=0;i<w/8;i++) {
int fpos = j * lineSize + i, pos =rev_j*w+i *8§;
for(k=0; k<8; k++)
img[pos + (7 - k)] = (data[fpos] >> k) & 1, } 3}
free(data); * w=w;*_h=h; returnimg;}
intmain() { intw, h, i, j;
unsigned char* img = read_bmp("testl.bmp"”, &w, &h);
for(j=0;j<h;j++)
{

for(i=0;i<w;i++)
cout<< img[j*w+i]?'0":'1";
cout<<"\n";

}

return O;

¥
domadwo  godmlsboemgdgdo  asdmgoggbmo  xgh  LHogergdobomgol,

360580 3mol

s0obmgol  gggams

2090mbsbrmargdolsmgol (50 8gdmbggzedo 339 235936 Ym39wo 3sdmbsbwyargdols dglsdsdolbo gqmdg@®moeo

3090l 53bobzgeo dobsMmero Bsl03gdo, dsmo bgdom (113gH3MBOEFO0m)
3OEGHMYBH0 s dogbo dmOGHMYGO:

odmgmgzgsermm dobo

dobo  3mOEGHMYHT0  s0Lobgds  FbmErmE ol Jsbslosmgdgwro  608sbo, GMIgwoE  od3l  yzgwrs

3990bsbmargdol  dgbodsdobl  M9oe0DoEosl  9MHmEOHMNMEs©. 53 Fgdmbggzedo  adsMs30s  3oglbgarol
3MLGdMBSBY 20BMLILMEgdsd0. brenem dogbo 3nOEGHMIGHT0 s0Lsbgds gmzgwo 3odbgwro, MHmIgEoa dgodergds

Jmbggl 9glisdsdobs, 3060 3nMEHMIEOL 300gdol 3GMMMsT o 3o 0dbgds:
for (k = 0; k < 20; k++) {//335936 20 HG95¢00Bs305
for (i=0;i<h;i++){
for j=0;j <w;j++ ) {
mini[i][j] *= imgli][j];
b}
for (i=0;i<h;i++){
for (j=0;j < w; j++) {
maxii][j] +- img[i][j};

113
500b 9900093 300ygdo  s9mEbmdol  3MmEgEGol  asbbmMEogamgds.

GOeamO3  gbodsdolo

@0EIMGHMH0EL 339 30300, MEBMOO MYoE0BEF00L (3oelobs STMEEMdS LEMWEEYds TbMmEMmE 30MZ3go
Lo@nogool gl gdolsl, o6y Bodob, HMELsE MEbmdo MYsE0BsEos FWosbs ™MogLigds dsduo

3mOEGHYBHT0 s 3060 3nOEHMYEHO 30005650 39310g0s w3bMd MYoEobsE0sd0.



for (k = 0; k < 20; k++) {//335d3U 20 «36md0 GgoewoBsios
for (p = 0; p < 7; p++) {//9B5mbgdol Momgbmds
for (i=0;i<h;i++){
for j=0;j <w;j++) {
if (img[i](j] &8& !maxifi](j] ) && ( limg[i][j] && minli][j] ) {
index = p;
break;

11}
1}
cout<<geo_shapes[index]<<endl; //53m3bmd0wo 30aMGOL godm@sbo,
Loo( geo_shapes[7] = {“samkutxedi”; "kvadrati’; "wre”; "rombi”; “trapecia”; “wrfe”; “otxkutxedi’};

5003965 2: 65093000 BJuGOL 99mEbmds

59m39bol dgbalitrmaEgdas godmoygbgds odMMA™MmIGOOL do0gdm Ct+.
59m3obs 90905 M0 gEHodoLogsb: 1. bfagwgds, 2. s0mEbmds.
59m3bmdoL 3OmEgLo 0ymas 9EP39dsC:

LMool Jowgds;

LEMogmbgdol asdmymass;

LE®oJmbTo sbmgdol asdmyma3s;

W

39809gMmi30o sbmgodol sdmbmds.

36MM 605l Jgbobigarge®g 0gfimgds ®50dg bsdgFo Ggdu@ob sdbsbggwo LmGomo (.png, .gif , .bmp
56 .jpg Bd0o);

50 bIMS0EB 30639 9BHe3bY bgds (3539990 LoTdMEIMIIOL - SbMGdOL FodmyYmgs, s6v9 Cell
™d0993Hgd0ob o965, HMIgEms bEHM™MJEHWOs:

class Cell

{
public int Top;
public int Bottom;
public int Left;
public int Right;

j

590bm30L X 9O A58M0ymRs LEBMOJMmbydo, gledsdolo LEGOMWYIEMs:

class Line

{
public int Top;
public int Bottom;

i

MHoLm30LsE 3030 350mfidgdm
public static bool scanHorisontal(Bitmap bmp, int y, int x1, int x2) ggmbzool
360036900mdg0dL. gl 36300 59m{FAgOL 3mOHOBMBEM BoBT0o sHOL Mv) 565 T30 FoMGHowo,

39999 bogds Cells md09g@ob godmmgzes, H@mIwol Godos:
public class Cells
{
public List<CellRow> cellRows = new List<CellRow>();
}
bogoe CellRow 6ol
public class CellRow

{
public List<ComplexCell> cells = new List<ComplexCell>();



}
bogos ComplexCell s6ol:
public class ComplexCell : Cell
{ public CharacterBMP CBMP = new CharacterBMP();
public CharacterVector CV = new CharacterVector();

public char c = ;

}
50 3¢50 CBMP 560l sleb 80@3o30 s CV 560l slieml dgLsdsdobo 39d&meo.

3bMgdoLlMZ0L, 3MrMYMT>do gobobowrgds 64x64 BMAoL v)M01gd0, HMIJWMS FodMmMZs (135¢0MGdS) bgds
39000930 3nEOom:
Bitmap bmp2 = new Bitmap(64, 64);
double Kwid = 64/Width;
double Khig = 64/Height;
for (int k = 0; k < 64; k++)
for (int m = 0; m < 64; m++)
{
Color color = bmp.GetPixel(Left + (int)(k / Kwid), Top + (int)(m / Khig));
bmp2.SetPixel(k, m, color);

}

399™O0L Fodmmzers bEgds Bbdioom:
public void ComputeVec(CharacterBMP cbmp)

{

for (int i = 0; i < 64; i++)
{

V[i] = ©;

for (int j = 0; j < 64; j++)

{

if (TTRClass.isBlack(cbmp.bmp.GetPixel(i, j)))
V[i] = V[i] + 1; }

}
for (int i = @; i < 64; i++)
{

V(64 + i] = 0;

for (int j = @; j < 64; j++)

{

if (TTRClass.isBlack(cbmp.bmp.GetPixel(j, i)))
V[64 + i] = V[64 + i] + 1; }
}
V[64 + 64] = cbmp.Height / cbmp.Width;
V(64 + 64 + 1] = cbmp.Width / cbmp.Height;
Width = cbmp.Width;
Height = cbmp.Height;
}

43905 SLMb godmmgzerol 9999y bgds 3500 53mbmds. sdobmZolL 49dmoygbgds dsboeobmdoliols dsbdogrols
xbd309 Distance:
public double Distance(CharacterVector cvl, CharacterVector cv2)
{double R = 0;
for (int i =0; i < 64 + 64 + 2; i++)
{ R=R+ (cv1.V[i] - cv2.V[i]) * (cv1.V[i] - cv2.V[i]);
}
R = Math.Sqrt(R);
return R;



}
Mg LOFIMEIMDBY - SLMBY3 50H93L b BMbJE0s B0b0dMAL, . 0. ol Sbims 53mbMdOL Fgga0.

365gBHo3meo Lsdvdsm #6
39m396s 1: 308MH7d0L 58mEbmds 3mbgmervsom®o (bsbgggo) bgommbmmo Jigemoo MatLab-ols 3sdmygbgdom

20m3560L dgloliHErgdes 459m0yqbgds 3GMmyMmsds Matlab.

9940960 0M3s  Lfogegdol BgomHmbaemo Jugeo  3esliogozszool s8mEsbolmgol. gl Bsgow0mo
330h39690L, v HMamO bs 89340bsomn s IMgs8BsMm FoMGH030 3mb3zmmm30mMmo bgo®mbmmo Jugwo
©63> L3OOl  3ESLOROIJSEOOLMZ0L.  3MB3MEWM30Mo  BgoMHmbmmo  Jugwgdo  Asdmoygbgds s
LHo3w9d0LmMz0L s 4bLOIMMNMIIOM, FoBMLbKYMgdOL SFMmEbMdOLMZ0L.

30639 H0do 59m3560L 405fy39EH0LOL goomzgowolfjobgom d99gao 0s630dwg3MmdgdO:

1) Bs3mEH3060900 s 890LFogegom As0mbobmegdol dmbs3gdgdo.

2) 29b6boBE3Mgo Jugerol strdodgdGmere.

3) dommomgo Lfogergdol (BHMabobyol) 3oM056@gdo.

4) 9modBogm Jugero.

5) 9mobobgom 3GMmaAbmBomgds sbogro dmboEgdgdolsls s godmomgzawgo 3¢slono3sEool LoHmbdg.

1. Bs$3060900 ©d 8goLfagamgom gsdmbsbrmemmgdols dmbssgdgdo

©53004m0o  dmbozgdoms dmdBogds. BsdmEG30Mmgm  30x3MHJdOL bodmdgdol dmbozgdndo, Gmames
23090mbobmargdgdol sMLGdIWMEo dmbsggdms dsbs ‘DigitDataset’. d0Mdsbgds imageDatastore s3¢Mmdo@IMo©
50f960L LML BMEEIMHOL LobgEgdol LoxgmdzgE By s 0bsbagl ImMbo3gdgdl ImageDatastore md0gdEo.
LYool Bmbsggdms 5By Lodmogdsl  godwg30  Fgobobmm OO 2odMbobmEgdol  dmbsizgdgdo.
39630bomm  godmlsbyegdol 3eslbogozsool dogowomo. dmbsggdms dabBs mvy 339969ds Lbgs GHodol
35090, 3., B9Jb GOl bobom, slsgo dgdmbggzsdo LagMmm bsdwydsm 3MMEgLo IMRYdS ME3LYErO.

05350m5©, [oMm3M30030bmm, GMmI  a35J3b  FoTMLobyegdgdol  dmboggdos  Bobs,  MHMIgELss
3990309496500 Lffogamgdolmgol. 3o0MH39w Mogdo d93Jdboom imagedatastore - GHodl. sLgmo Mmdogd@ol dgddbol
99009y, imds 99obobogl @obll B39bly Imboggdmes dsbabg. gl MdogdEHo 99033l sdsEgdom Tgmmgdl,
MHMIgenlbog  obs  a9b30bowsgm. aosg309m MATLAB-ob d6dsbgdol gsbxs®odo s 8039900000Mmm
dobsdommo B3960 asdmbobmargdgdol doBob. Bzgbo dsbs sM0OL baywbsfgMo 30xzMmgdOL doBs 0-sb 9-dg.
33L03wIM0 Fog5E0mM05, MHOMOE 0fYm 300630380 MTS LogErgds s G SGOL 306390 BB, HMIg B3

04 5gmdoo 0Mds Lsgargdol seram®omdo. dmgbodbsgo Bobsdo®mmL, Mmd 30349MNO0MMo dobs
path='C:\ProgramFiles\Polyspace\R2019a\toolbox\nnet\nndemos\nndatasets
\DigitDataset'

Imds=imageDatastore(path);
59 MMl 89300005 259mEOL, Mo ol 390 bgwagl B39bL BMmErEgHdo 3gMsbso® LryMoml, ol bgwagl
dbmEm bb3sslibgs BMEEMYdL. sdo@Emdsi Matlab-do gsdmool 893mds, ®ob gsdmg Mbos dogmommm

'includeSubfolders',

imds=imageDatastore (path, 'includeSubfolders', true, 'LabelSource', 'foldernames"')
030b5mM30L, HMI 3599bmom bodbgdo Mbs Wogdsdmm Bz9bl Bbdzosdo fiyzowo mgzgolgds: imds=

imageDatastorge(path, ‘LabelSource’, true, ‘folder names’, 580l 99909 5006 046905 608sb-mz30LgdgdO FoMogEro.
9L 0g6g05 9939090 BMEEIMJOOL EILOILYGBYB0m. SBg, BMT sbErs 3MOJBHOINWI® Y39WoBIMo Ibo
335943L, ®md imds md0gdBL 25053390 L3 gdOLMZ0L. gl MdOYIEO Tgdegdl s0mb dsHoEIB GsdEgbody
390mbsbmargds, dggdbsl  Jugaro, ©o9ggbmlb  3565dgEH™Mgdo. dmzgsbobmom Msdwgbody LwMscmol Bggbgds
9mbs39dms 35H0sb:

figure;

perm = randperm(10000,20);

for 1 = 1:20

subplot(4,5,1i);



imshow(imds.Files{perm(i)});
end

napsEn
LSYOMOMP Jo0sb 396030 0469ds, 099 Bggb 53 dmboizgdgdl
m ©534mxm  bofomgdo Lobagerm @s LsGabBm (LagmbEHmanm)
6536909050. 530l 35390905 Ggodergds d90gabsoMsc:
- m Methods (imds) Q03sGmogl  ¥®Jdsbgds  splitEaelLabel

(00Bo3g0ms 05BOL IYMRS) s dMABYds CountEaelLabel (omgwrol
BREAN .o oocm

Imds.countEalabel

labelCount = countEachLabel(imds)

labelCount = 10x2 table
N Label Count N Label Count
1 0 1000 6 5 1000
2 1 1000 7 6 1000
3 2 1000 8 7 1000
4 3 1000 9 8 1000
5 4 1000 10 9 1000

B396 3bgsgm sbBoWb. 305300 0 - Ggoisgl 1000 godmbisbryengdsl b mommgmro 3053060 990336
1000 bgembsfig® o3mboberamgdsls. ommgwero asdmbsbuwmamgds s6ob 28281 3ogdugaro.
img = readimage(imds,1);
size(img)
ans =
28 28

2. 993300¢005 339 Imbs3gdgdo Lalfagmm @ Bs@glidm b53Mgdgds® B3gbo sMRIz5600:

[train, test]=imds.splitEaelLabel(0,75).
albg3q oL MBS 03560FMm AsBMLLLZW Y0 5MYMFg6EHJd0. 306390 SMRYTghEo U sGOL Lfogwgds
5 930609 GHgLAO. AodMbaligargEBy 3bgEIg3m, MMd d0z300g0 MM sMAIgbEHO Train s test. Train 9goEogLh
0,75 03039 75% Lobfogarm M9oe0BOE3090L s BsMRY60 35% 0469gds EguEHOMGOOLMZOL. v o6 a30bw.,
OH0md gl 2odmbobemgdgdo doyzgdmogl ®sbdod)3M s, 3s8ob mbs  dogsboimom 3ogz gPomo
s6mdgbdo 'randomize’.
numTrainFiles = 750;
[trainData,testData]=splitEachLabel(imds, 750, 'randomize')

Bggbo  Fobsbos  TMYgOOL 39T BHMYPOOL 30030, :
059L0B>E D 350 F9IROL JoLIVIIVS. [ imageinputLayer([28 28 1)) |

3. 33%3m0m  3mbgmevysom®o  (Bsbggzo) Bgommbmmo  Jugarol [ convolution2dLayer(s,20) |
S6JodIBBs }
reluLayer
layers = [ [maxPooling2dLayer(2,'Stride",2)]
imagelnputlayer([28 28 1]) [FuliyConectedlayer(ioy]
convolution2dLayer(5,20) : . e
reluLayer softmaxLayer() |

maxPooling2dLayer(2,'Stride',2)

[ classnﬁca’ubrnLa'yerr(i ]



fullyConnectedLayer(10)
softmaxLayer
classificationLayer];
>> Layer
ImageInputLayer ([28 28 1]-30 3930030 LwyMsmol bmadsl, GmIgeog 59 dgdmbggzsdo s@ol [28*2871].
9L 308MYd0 Fggbodsdgds LoTogl, Logsbgl s sMBOL HBMTsl. 30ROV dmbs39d9d0 F9gds BogMmobggMO
BOOEgd0LYsb, 580G™MI sObol Bmds sMmOL 1. 13gMso bLYYMHsmOLmZOL sGMbol Bmds 0dbgds 3, Moz RGB
36003690mdgdL 99gqlodsdgde.
convolution2dLayer(5,20)- 3mbgm@vzom® dMgdo 3063900 sMmRMAgbGHo sMob filterSize (Bow@®ol
Bmds), OHMIgwog 9oL BowEH®PPoL bodswwg s bogobg 55-Bg, dgaodwosm  dsdmzoggbmo  sbg3g
Lbgoolbgs Bmds Bow@®E. Igmeg sGRMBgb@EHo s®ol numkFilters (Gow@GH®MGOOL Mom©gbmds).
ReLU Layer- 56M0L 56503030 5J@0353006 $bJ305. 5dGH035300L Y439eaDg  393MEIgOIE0
3MBJ305 093308035308 653030 gOmgwwo (ReLU), GmIgubsg 3o6599@HM900 o6 5g3U.
Max Pooling Layer - 560l ggoeo@®ol bmads [2*2], Gemderol doxogs ('Stride') s@ob 2.
Fully Connected Layer (10) - LOWsE d3dMwo Jugero.  GmamOE dobo Lobgerosb BbL, O
0535380690910 39bs sMob 53965, HMBgedog Byommbgdo v3s380MmEYds Fobs Bgbol yzgums bgo®mmbl. gl i3qbs
39005670l fobs  Foboliosmgdegdol BoghH  LIGsmBY  bolifoger  ygzgws Fggal. dmerm  LEWELE
053530060900 3965 5900000693l Tobolosmgdgdl  LELmgOoL  3sliogo3sEooLbmZoL.  SdoGM™d,
LodMEMME LOHMEOE ©3953d0M9gdMwo Mol OutputSize 35653gBHM0 MOMOL IMbs37dgd0L  Jwsligdol
509bMd5L. 58 o000 godmdsgaco Bmdss 10, Mo GgqLadsdgds 10 3esbb.
Softmax Layer - 5330353006 gob6J30s ob@gbl LOwWmo© 393800900 ggbol  4odmbigeol
Be85¢r0HgosL. 53 ML 56 5J3L 356589GHMYdO.
Classification Layer - 3esb0g035300L 33965 Ladmanmm g39bs oGl 3ersliogogsgool gabe.
sbs B3960 doBobos s@hgmeo Labfagurm BsgMgdol Lffsgwrgds Jugaolmgol s 580l 9909y d9350mfdmom

Lo@JuGHM bofowo s 3bsbmm M MMM obfoges Jugewrds s s 9gaqdL dmy339dU.

4. ©LYogmol 35659EMgd0.
Jbgarol BLEGHONMJGHIOOL AsBLIBLIMOL FgdgY B03MPOMM Lffagergdol 3o65dgEHMYd0. Loz gdobmzgol

20030996m»  M5@096FMO  ©AZ3900L  sEAMMOmT0, Mol Lafiyobo d60dzbgemdss 0,01, bemenm
930ggdol (d0x9d0L) Mom@gbmdss 4. g3mds sMmOL GHMYbobaol LEo 303w GHMIbobyol doger dmbsigdos
BogzMgdby.

36530 3MEO:
%path%
path="C:\Program
Files\Polyspace\R2019a\toolbox\nnet\nndemos\nndatasets\DigitDataset"
imds=imageDatastore (path, 'includeSubfolders', true, 'LabelSource', 'foldernames"')
[trainData, testDatal=splitEachLabel (imds, 750, 'randomize')
$Arrchitecture$
Layer=[...

imageInputLayer ([28 28 11),...

convolution2dLayer (5,20), ...

relulayer, ...

maxPooling2dLayer (2, 'stride',2), ...

fullyConnectedLayer (10), ...

softmaxlLayer, ...

classificationlLayer];
%optimization%
options=trainingOptions ('sgdm")
options=trainingOptions('sgdm', 'InitiallearnRate', 0.0005, 'MaxEpochs', 25,
'plots', 'training-progress')
net=trainNetwork (trainData, Layer, options)
t=classify(net, testData)

10



sum (t==testData.Labels) /numel (t)
5. 8g0gp0:

>> convolutionnet
path = 'C:\Program Files\Polyspace\R2019a\toolbox\nnet\nndemos\nndatasets\DigitDataset'
imds = ImageDatastore with properties:

Files: {
"..\R2019a\toolbox\nnet\nndemos\nndatasets\DigitDataset\O\image10000.png';
"...\R2019a\toolbox\nnet\nndemos\nndatasets\DigitDataset\O\image9001.png';
"..\R2019a\toolbox\nnet\nndemos\nndatasets\DigitDataset\O\image9002.png'
... and 9997 more
}

Labels: [0; 0; 0 ... and 9997 more categorical]

AlternateFileSystemRoots: {}
ReadSize: 1

ReadFcn: @readDatastorelmage

trainData =
ImageDatastore with properties:

Files: {
"..\R2019a\toolbox\nnet\nndemos\nndatasets\DigitDataset\O\image10000.png';
"..\R2019a\toolbox\nnet\nndemos\nndatasets\DigitDataset\O\image9001.png';
"..\R2019a\toolbox\nnet\nndemos\nndatasets\DigitDataset\O\image9002.png'
... and 7497 more
}

Labels: [0; 0; O ... and 7497 more categorical]

AlternateFileSystemRoots: {}
ReadSize: 1

ReadFcn: @readDatastorelmage

testData =
ImageDatastore with properties:

Files: {
"..\R2019a\toolbox\nnet\nndemos\nndatasets\DigitDataset\O\image9006.png';
"..\R2019a\toolbox\nnet\nndemos\nndatasets\DigitDataset\O\image9010.png';
"..\R2019a\toolbox\nnet\nndemos\nndatasets\DigitDataset\O\image9019.png'
... and 2497 more
}

Labels: [0; 0; 0 ... and 2497 more categorical]

AlternateFileSystemRoots: {}
ReadSize: 1
ReadFcn: @readDatastorelmage
options =
TrainingOptionsSGDM with properties:
Momentum: 0.9000
Initiall.earnRate: 0.0100
LearnRateScheduleSettings: [1x1 struct]
L2Regularization: 1.0000e-04
GradientThresholdMethod: 12norm'
GradientThreshold: Inf

11



MaxEpochs: 30
MiniBatchSize: 128
Verbose: 1
VerboseFrequency: 50
ValidationData: []
ValidationFrequency: 50
ValidationPatience: Inf
Shuffle: 'once'
CheckpointPath: "
ExecutionEnvironment: 'auto'
WorkerLoad: []
OutputFcen: []
Plots: 'none'
SequenceLength: 'longest'
SequencePaddingValue: 0
DispatchInBackground: 0
options =

TrainingOptionsSGDM with properties:

Momentum: 0.9000
InitialLearnRate: 5.0000e-04
LearnRateScheduleSettings: [1x1 struct]
L2Regularization: 1.0000e-04
GradientThresholdMethod: 12norm'
GradientThreshold: Inf
MaxEpochs: 25
MiniBatchSize: 128
Verbose: 1
VerboseFrequency: 50
ValidationData: []
ValidationFrequency: 50
ValidationPatience: Inf
Shuffle: 'once'
CheckpointPath: "
ExecutionEnvironment: 'auto’
WorkerLoad: []
OutputFen: []
Plots: 'training-progress'
SequenceLength: longest'
SequencePaddingValue: 0
DispatchInBackground: 0
Training on single CPU.

Initializing input data normalization.

| Epoch | Iteration | Time Elapsed | Mini-batch | Mini-batch | Base Learning |

| | (hh:mm:ss) | Accuracy | Loss | Rate |

12



6|
7|
7|
8|
9|
10 |
11|
12|

13|
14|
15|
16 |
17 |
18 |
19 |
19 |
20|
21|
2|
23|
2|
25 |
25|

1
50 |
100 |
150 |
200 |
250 |
300 |
350 |
400 |
450 |
500 |
550 |
600 |
650 |
700 |
750 |
800 |
850 |
900 |
950 |
1000 |
1050 |
1100 |
1150 |
1200 |
1250 |
1300 |
1350 |
1400 |
1450 |

00:00:00 |
00:00:06 |
00:00:13 |
00:00:19 |
00:00:25 |
00:00:31 |
00:00:38 |
00:00:45 |
00:00:51 |
00:00:57 |
00:01:04 |
00:01:11 |
00:01:17 |
00:01:23 |
00:01:29 |
00:01:36 |
00:01:43 |
00:01:49 |
00:01:56 |
00:02:06 |
00:02:18 |
00:02:29 |
00:02:39 |
00:02:48 |
00:02:58 |
00:03:10 |
00:03:24 |
00:03:35 |
00:03:46 |
00:03:57 |

11.72% |
70.31% |
79.69% |
83.59% |
89.84% |
92.19% |
94.53% |
94.53% |
96.88% |
98.44% |
100.00% |
100.00% |
99.22% |
99.22% |
98.44% |
99.22% |
100.00% |
100.00% |
100.00% |
100.00% |
100.00% |
100.00% |
100.00% |
100.00% |
100.00% |
100.00% |
100.00% |
100.00% |
100.00% |
100.00% |

135438 |
2.0759 |
1.1465 |
0.7098 |
0.5933 |
0.2863 |
0.1859 |
0.2633 |
0.1282 |
0.0712 |
0.0031 |
0.0020 |
0.0582 |
0.0102 |
0.0381 |
0.0259 |
0.0001 |

8.5763¢-05 |
0.0001 |
0.0001 |
2.2942¢-05 |
2.6292¢-06 |
9.6246e-05 |
1.3318e-06 |
8.8937¢-06 |
1.9568¢-05 |
1.8753¢-05 |
4.6993¢-06 |
4.3500e-06 |
4.9443¢-06 |

0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |
0.0005 |

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| 13|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

net =

SeriesNetwork with properties:
Layers: [7x1 nnet.cnn.layer.Layer]

t=

2500x1 categorical array

ans =

0.9852
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50m@sbs 2 Bgodmbmmo Jugerol Lffsgangds bgambsfigmo gogmgdol Lobfsgamm 6530Mgdbg - MNIST, Keras
00doMmmg30L 353myggbgdoom

59m3obol dgbolitrmagdars godmoygbgds dodeommg39d0: Tensorflow, MNIST, Keras.

Tensorflow 300@0Mmmg30Ls s LOLFazE™ Bs3MIdOL 0I3MGGHOMIDdS

import tensorflow.compat.v2 as tf

import tensorflow_datasets as tfds

Tensorflow 2 396LooL 4o609dmL BsGmNgo

tf.enable_v2_behavior()

Bodoxo 1: MNIST Lobffogerm 65360900L hosGzotmomgs

Bo®300mm35 bogds 89900980 sOadgb@gdoo:

* 'mnist": bobfogerm Bs3Mgdol Bo@zoMHM3s.

* split=["train’, 'test']: ®95¢00Bo30900L LobFogem s LoEYuEHM b53M9d9ds© oymeys

* “shuffle_files': MNIST babfjogerm 6536090 0bobgds dbmewm@ gMo gsowdo, dogMsd Mg3dm oo bmdol
Lobfoganm 6530909d0bm30L MMIwgdog Medm@body Gsowrdo 0bsbgds, LsFoMms Tosmo sMgzs SdmEbmdOL
390093900b g999x MdgLgdoL doiboo.

* “as_supervised': sd6vbgdl tuple 33wool GodL | (img, label)' dict Bodol dsp036Ms {'image": img, 'label"
label}

* with_info: 5361b3dL tuple 33¢o@0bL &Ho3L (tf.data.Dataset, tfds.core.DatasetInfo) sds@gdomo obgm®mdsgoom

(ds_train, ds_test), ds_info = tfds.load(
'mnist’,
split=['train’, 'test'],
shuffle files=True,
as_supervised=True,
with_info=True,
)
29m3bMdOL 5MbOL 03905
* “ds.map’: Tensorflow-b dmbsgqdomes d5Bs sHEIBL FoBMLsbyEgdol dmfmEadsl tf.uint8 gm®mds@do, MrEabsg

Bgo®mbmmo  Jugwol  dmEgwo  gmEgds  tffloat32  @m®ToBL, SFoGMI  bgds  odmlisbuyengdgdol
Bm®dscroBgds

14



* “ds.cache’ o963 Lobffoganm 6530300 9Bg3s ™m39Ms@owe dgblogMgdsdo, mbgl M95¢oBs3ogdol
99906905 85000 MHOFoMNMBOL 56935000 M3EH0ToBsE00l Jobbom.<br/>
__89600365:__ 9806900l 89999 w965 dmbgls godmbiobmamgdsms d90mbzgz0m0 goMsddbgdo.
* *ds.shuffle" : Lsbogem BsgMgdol gargdgbEgdol Moa0mmdol sMggzs<br/>
* “ds.batch’: bobfogerm BogMgdol sMggol 99dgy dmbgl dobo oxyIBIds, 00MMIMEo gdmdobmgol
Mbo3smeo xama3ol dofimpgdols dobboom.
* “ds.prefetch’: Lobffogerm bogdgdol gergdgb@gdol Fobolfs® Fogombgs dgo@o ©oL30@sb, Gom@gbmds
23960L5BOZMYDS 53BHMBoGHWIMO.
def normalize_img(image, label):

"""Normalizes images: ‘uint8" -> *float32"."""

return tf.cast(image, tf.float32) / 255., label
ds_train = ds_train.map(

normalize_img, num_parallel_calls=tf.data.experimental AUTOTUNE)

ds_train = ds_train.cache()
ds_train = ds_train.shuffle(ds_info.splits['train'].num_examples)
ds_train = ds_train.batch(128)
ds_train = ds_train.prefetch(tf.data.experimental. AUTOTUNE)

39535L900L SOBOL sg9ds
A9LAHOMYOOL SOHBO SGOL LFogzEgdOL sGbOL AbAS3LO, J30MYEO ABLLZZ39dgdO:
* o6 bogdo " ds.shuffle()’ -ols godmdobgds.
* d98069%s bgds ©oxaIBJool 9999 (Moysbsg Xangdo 8godwgds 0gml 9MHmoEsny039, J3mdodl
dmMol)
ds_test = ds_test.map(
normalize_img, num_parallel_calls=tf.data.experimental. AUTOTUNE)
ds_test = ds_test.batch(128)
ds_test = ds_test.cache()
ds_test = ds_test.prefetch(tf.data.experimental. AUTOTUNE)

00x0 2: Labfagerm dmgerol 894dbs s bfagugde.

090535000 56BOL JogMmgds, Keras d0d¢r0m0935L0056.

9ol 52905

Bgo6Hmdbgaol dmgeo Homdmaygbl bEGsbsMEHWE 3003060 Fo3MEgErgdol bgoHmboem Jugl.
990535¢0  39dAHMOL 45993995  Fodmbobegdol  do@Mmogs  bbmIowgdom  28x28  3odugwo  bemerm
2000353500 399@™MO0 Fgagds 10 gegdgb@oligeb s 8gglsdsdgds s8mLobmdo Gogbggdol Momgbmdsl 1-
b 10-50¢09.
Byommgugerol dmgero 9aqds 99900930 BBJ30gd0Lgysb:
* tf.keras.Jayers.Flatten: sbgbli 899535000 mMsbBmdomqdosbo do@®ogol 28x28, gemmysbbmIowgdoshd
399™HBY ©oy396L.
* tfkeras.layers.Dense: oo 900l Bsdsdgds bgommbgool Gomgbmdom 128 s "relu” sd@EHogsgool
3bJool doboFgde.
* tf.keras.Jayers.Dense: 5000535¢00 dM0b 93905 ge9dgb@gool Momgbdom 10 s "softmax" od@ogsgool
3bJool doboFgde.
model = tf.keras.models.Sequential([

tf.keras.layers.Flatten(input_shape=(28, 28, 1)),

tf.keras.layers.Dense(128,activation="relu’),
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tf.keras.layers.Dense(10, activation='softmax’)
)
- 900gmol 3330530
model.compile(
loss='sparse_categorical_crossentropy’,
optimizer=tf.keras.optimizers.Adam(0.001),
metrics=['accuracy'], )
- 9mgob bfogegds
model.fit(
ds_train,
epochs=6,

validation_data=ds_test,

5003965 3: mdoggGHoL s3mEbmds RetinaNet 6go®Hmbrmmo Jugamols gsdmygbgdom

59m3obs gl gd990s I3MHMYMsdgdol 9bs Python-by, Keras d0d¢rommq30ol gsdmygbgdoo.

9039999000 8mEgEol ©sbodbmgds sMOL Mmd0YJBHIOOL MIse0BYds Fodmbiobwegdsdo s 53539
Q@O 85000 3WsliogoEoMgds BbZoalbgs 35BYMM09ds.

®d099dBHob  59mboEgbmds  2ob3mmzbowo  dmgmgdo  8godegds  ooyml  GOLLBgbMOE s
™mOLORGHMEOH056 IMYEgd5. MOLIRIHMM0560 IO sGOL MBOHM BMLEO, MF3zs gb doowfazs bogwgdo
LoLHGsg30L Lobsggerm. dm3gdwer dogowomdo B3gb asdmgzoygbqdo RetinaNet 9Momboggby@Mosd sdmdEbmd
99, MMIGEoE BMLEH0S s 9390 LHMoRs.

RetinaNet-o 04gbgdl 30Msdomer Jugwl, Moo 989dEMS© 53moEbml md0gdEgdo, asdmbsbmawgdol
bbgoobbgs  dolid@odols d9dmbggzedo s FgoEogl  obsgw  BM3oMHo b33m0l  3MbJiosl,  Moms
3950L9099dl 93565 s [obs 3¢r9Bgdl FrMol s™LYdMEo 3¢slMdM030 EOLBSESBLO.

Pgomgdo:
e RetinaNet Paper
Feature Pyramid Network Paper

e import os
e 1import re

e import zipfile

e import numpy as np
e import tensorflow as tf

e from tensorflow import keras

e import matplotlib.pyplot as plt

e import tensorflow datasets as tfds
COCO02017 LsLogarm BogMgdOL BsdmEGHzoMmM3s
COCO02017-0b LEWwo bozMgdoo  ULHogergds dmoombmagl Logdom® ©O0E ©OML MMIgeros d9ag0s
53bEmadom 118000 gsdmbiobryengdolpsb, 9dgsb 2s0mdobsmyg Lsgwrgdolbomgol Bgzgb gsdmzoyqbgdo 500

2090bsbegdoly st d99as dzoMg BmIolb JzglbodMegeqgl.
url = "https://github.com/srihari-
humbarwadi/datasets/releases/download/v0.1.0/data.zip"
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https://arxiv.org/abs/1708.02002
https://arxiv.org/abs/1612.03144

filename = os.path.join(os.getcwd(), "data.zip")
keras.utils.get file(filename, url)
with zipfile.ZipFile("data.zip", "r") as z fp:

z fp.extractall("./")

- ©3bdsey g3bgzogdols smfighs
399mAbsBO3Mgwo RseBMmgdo dgodwgds oymb Fomdmoagbowo d6Msgs¢o boboom, 439wy 393ME3ILgdvIE0
B0OT>Egd0s:
* 399,bgg00L 3NMMEObsEHIOOL dgbobgs [xmin, ymin, xmax, ymax]
o Bo®Bb 396GHMOL 3mM©0bsEHJdoLs s Jobo BmIgdol dgbsbgs [x, y, width, height]
505653 B396 339V5F0MMYdS MOO39 RMOTsB0, 5d0EMI d93Jdbom R3bd300L, HMIgeog ImobEgbl 58 mE
BnO>EL FnOOL 4oMogdbsb.
def swap_xy(boxes):

nin

96533090l Po®BMYdOL X s Y 3MMOOBSEHJOOL HOYO0MMOL
56dgb@gdo:

Bo0bmgdo: Bgbbmmo bmdgdoom ' (num_boxes, 4)" - HoMImoqbL F9dmaLsBOzMg Bo®bmgdl.
506bgdlL: Fobozwadmam Bos®bmgdl 0g039 Bmdgdoom

nn

return tf.stack([boxes[:, 1], boxes[:, 0], boxes[:, 3], boxes[:, 2]1,
axis=-1)

def convert to xywh (boxes):

mrrE3mol ho@hol gm@3sdL - 3363M0, Logsby ©s Lndsmem)

3(MamM3)b63xd0:
haMhMad0: B36MMn M3banm 2 o6 MMM Jdsamn s bmdjdoom
" (..., num boxes, 4) . foMOmomagbl F73maLsbmzMam hs@hmU,
Losg mnomawem hsMhmL 83U BMEBsB0 " [xmin, ymin, xmax, ymax]’

30(MvboL:
39M©3J360m hsMhMidL ngn3g BmIJdoo M3 3MaM336@ boxes gooshbos.

return tf.concat(
[ (boxes[...,:2]+boxes[...,2:]) / 2.0,boxes[...,2:]-boxes[..., :211,
axis=-1,

)

def convert to corners (boxes):

" ras®moaddbol hs@hMUL BMA3SBL 3Mobol 3MMMENBsR 0]

3(Ma3363900:
hahmgdn: B3bbmMn Msbgno 2 86 wM@EMm dssmon, bmdjdoo " (..., num boxes,
4)°
FoMm3moa )bl B73maLabrzMaem hs@hMdL Lsolg cnomywem hsMbhml 5j3UL

BMA3SAB0
“[x, y, width, height]".

30(AmMBdL :
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39M5J060m hsMPM]dL 0gn3g bmdjxdoom M3 sMawMd36@ boxes goshbns.

win

return tf.concat (
[boxes[...,:2]-boxes[...,2:] / 2.0,boxes[...,:2]+boxes[...,2:]1 / 2.0],
axis=-1,

)

5653390000 25960005690550056 BoOEOMBOL {Y30093E5 JoTMMIWS
OHMamOE Ima3006900m 36sbogm 98 Fopswomdo, 963960 Bs@Pmgdl 9035310036900 gEHOwMbyH

Ro6Pmgdly 95000 490RMZ30L bodolboll dobggzom. sdolsmzol LoFomm 046905 godmomgzamlb Y39
96396 ©5 9B ™bMM Bs@BML 30l Mol 0565339000L BoMEMds o gogMHm0sbgdslimsb.

def compute iou(boxesl, boxes2):
"rom3mol dmEgdmmo haMmbhmidol 653M30700L 365337000l BIMEOMBSL dso
393M00036703LN6 Y30 oM.

3MamM3)bdn:
boxesl: §36bmAn bmdjdoom (N, 4)° F30mALsbezMamo haMhmidony,

Losig mnomawem hasMbhml 83U B30gan BMMISEO -
[x, y, width, height] .

boxes2: §36bmAn bmdjdom " (M, 4)° T70mMALsbe3zMama haMhmidony,

LosE, 0noMguem hsGhmML 343U F30Jan RFMOISEO -
[x, y, width, height] .

306 0L :
34303090 As@AMO0L 0365337000l 3300037 333MMN36305L0E FasMEMdNm
300309 3sBMmoEsl, bmdjgdoo (N, M), Lssg i-96 LEGOJMBLS s j-w@ L3730
3MLYOMMN geM3376E0L 360T36)eMmMds boxesl s boxes2 LNAMI3MIIONES6 i-mM@M0
©3 -0 h3OAMIO0L 1365337000l BIMOMOSS 30037 333MNN36708L6 .

mwww
boxesl corners = convert to corners (boxesl)
boxes2 corners convert to corners (boxes2)

lu = tf.maximum(boxesl corners[:, None, :2], boxes2 corners[:, :2])

]
rd = tf.minimum(boxesl corners[:, None, 2:], boxes2 corners[:, 2:])
intersection = tf.maximum(0.0, rd - 1lu)

intersection area = intersection[:, :, 0] * intersection(:,
boxesl area = boxesl[:, 2] * boxesl[:, 3]

boxes2 area = boxes2[:, 2] * boxes2[:, 3]

union area = tf.maximum (

boxesl areal[:, None] + boxes2 area - intersection area, le-8

H

)

return tf.clip by value(intersection area / union area, 0.0, 1.0)

def visualize detections(
image, boxes, classes, scores, figsize=(7,7), linewidth=1,color=[0,0,1]
) :
" 33mEbmdnl 30bwyamabsgnst
image = np.array(image, dtype=np.uint8)
plt.figure(figsize=figsize)
plt.axis ("off")
plt.imshow (image)
ax = plt.gca()
for box, cls, score in zip(boxes, classes, scores):
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text = "{}: {:.2f}".format( cls, score)
x1l, yl, x2, y2 = box
w, h=x2 - x1, y2 - yl
patch = plt.Rectangle(

[x1, yl1], w, h, fill=False, edgecolor=color, linewidth=linewidth
)
ax.add patch (patch)
ax.text (

x1,

vl,

text,

bbox={"facecolor": color, "alpha": 0.4},
clip box=ax.clipbox,

clip on=True,

)
plt.show()
return ax

36390300l 2969Ms@mMol 0d3¢3gbdezos

06390 Bo@bml 543l odLoMgdo  BmIgoo s Jodmoygbgds  sdmLobmdo  Mmdogd@ol
999mbob3MHgo  BGMRML 50 dgdsMHgMdOL  3OMABMBoMmIOOLsm30L. ol 5ol sBEgbL  MmdogIEHoL
395@OLS s 963960 BsGRML (396GH®L Mol sGYdIY0 MMl MYaMaloMmgd0m, 99009 ol 0ggbadl
9639600 BoseBML Logsbgl s LToEgl Msms FMabEObMl sAMBsbMdO MdOYJEHOL RIMEMBdOMO TolidEsdo.
RetinaNet-ols 99000b3935d0 60dsbms H30L M0MMYME M 3530L gosBbos bes sb39Mwo Bs@Bm. (Lsdo

Lbbgoolbgs BolidEHodoms s Lsdo MsbsgsMEMdOm)
class AnchorBox:

" 3a963M0M30L 86330 haMhmdl.

dmEa8vmo 3mslin s6bMMENIMIOL M3JMSEN0L 8637MWma haMmhmidal
3Ly 163MNMYdMS

608sbos M3700LsN30L, doxgdom " [8, 16, 32, 64, 128] . La@slg 0NNOOMINMO
363960

hodhmlL 843L 83830 BMA3sB0 " [x, vy, width, height] .

3300

aspect ratios: float @030l MOEHb3100L hsAMbsNZsmn o3 FoM3msa)bl

363760mma haMmhmidol 333M00L NebsgaMm@oMdsl 6nBsbos MM3nlL oMy
mMM3s305b] .

scales: float @030l MOEB3700L AIAMBsNZsMN M3 FoMIMaalbl 6373Mwman
ha®hmdnlL dslDBIOL BnBsbons M30L mnoMIwem MM3ZE30NsDb].

num_anchors: 863360wmo hs@hMmxdol Aem@Ibmdss 60Bsbos A 30L nomywem
mMM3s305b].

areas: float @030L MOEb3zxd0L AIBMBsMZaMN, M3 FToMIMaagblL s6376MwWmo
ha®hmdnl RoMMd]OL nomgwmo 60Bsbos MY 30Ls30L, B0Bsbos 3n0M3dnEsdn.

strides: float @030l MOEB3300L A3IMBINZsMO AMIJmMoE FoMIMmsalbl dnxgdlL
M00MIN0 BaBsbos M30Lsm3znl, 60Bsbos 3nMednaBon.

mwwn

def init (self):
self.aspect ratios = [0.5, 1.0, 2.0]
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self.scales = [2 ** x for x in [0, 1 / 3, 2 / 31]

self. num anchors = len(self.aspect ratios) * len(self.scales)
self. strides = [2 ** 1 for i in range(3, 8)]

self. areas = [x ** 2 for x in [32.0, 64.0, 128.0, 256.0, 512.0]]
self. anchor dims = self. compute dims ()

def compute dims (self):
"rrom3mol 96330wWmo hs@hmL bmdjdl, Yyzxms ebsxzaMmmomdnls s
33L3BdNLsNZ3NL,
608360y 30M3dnnl yzgms ©mb3b).

anchor dims _all = []
for area in self. areas:
anchor dims = []
for ratio in self.aspect ratios:
anchor height = tf.math.sqgrt(area / ratio)
anchor width = area / anchor height
dims = tf.reshape
tf.stack([anchor width, anchor height], axis=-1), [1, 1, 2]
)
for scale in self.scales:
anchor dims.append(scale * dims)
anchor dims all.append(tf.stack(anchor dims, axis=-2))
return anchor dims all

def get anchors(self, feature height, feature width, level):
" 33363M06M)0L 863730 hsMAML, dMmE)8wmo BoBsbos M3l bmdnls o
©MboLsm3nL

3MamM3)b63xd0:
feature height: 8ogmo MoEbzn, MMIJmoE FoMImamalbl Bndsbos My3nlL Lndsmemgl.
feature width: Gomo MoEbzn, MMIJmoE FoM3mealbl BnBsbos M30L LNgsbjl.
level: dogmo MoEb3n, MM3JmoE 60Bsbms MW30L ©MB)s 60Bsbos 3n0Mednsdn.

30(MvbodL:
363760 homhm)dl 930gan bmdjdoom
" (feature _height * feature width * num anchors, 4)°
rx = tf.range (feature width, dtype=tf.float32) + 0.5
ry = tf.range (feature height, dtype=tf.float32) + 0.5
centers = tf.stack(tf.meshgrid(rx, ry), axis=-1) *
self. strides[level - 3]
centers tf.expand dims (centers, axis=-2)
centers tf.tile(centers, [1, 1, self. num anchors, 1])
dims = tf.tile(
self. anchor dims[level - 3], [feature height, feature width, 1, 1]
)
anchors = tf.concat ([centers, dims], axis=-1)
return tf.reshape(
anchors, [feature height * feature width * self. num anchors, 4]
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def get anchors(self, image height, image width):
" 3a963M0M0L 8633Mmem hoMmhmadL 60Bsbos 30Madnnl Yyzjgmse 60Bsbos
G 30Lsn30L.

3MamM3)63gd0:
image height: 9383330 godmbLsbymadal Lodsmemy.
image width: 930330 3o3mMULsbymMgdal Logsby.

306 0L :

26000 336bMmAsE ©IRFMBIOMM 36330 hs@MhMadL Yzgms 60Tsbos
M 30Lsn30L,

bm3dgdno - " (total anchors, 4)°

anchors = |
self. get anchors(
tf.math.ceil (image height / 2 ** i),
tf.math.ceil (image width / 2 ** i),
il
)
for i in range (3, 8)
]

return tf.concat (anchors, axis=0)

— 3mbs3gdos 36g35Mm0Mgds
399mbsbMrgdgdol 36935006005 9aJ0 MO BoX0LY:

o 250mbobMErgdol FolidEsd0MmGDds: godmbiobemgdgdol JoldEsd0Mgds bgds oy, GmA »d30Mglo 43900
99009905 800 30dlgeroliyeb. BoldEMVOMIdOL F9dgy v MOOILO 339MPO 5FoMBJOL 1333 3oglgel,
dobmzgol bgds dogduodsem®mo BEwOdol sHglbgds 1333 3ogbgwol Lsboo;

* (33090900l bggds: dgdmbggzomo dolidEd0L Mbg39d0 s 3mMHOBMbEHIWMMO dMbgdo GOl
JONSIODNO (330 GdJO0 HMIGMS odmygbgdos bgds gsdmbobmagdgdby.

23090bobmegdgdmab gHmo, bgds 9gdmdlsbrg®gwo BoeBMmgdol olidFHedoMmgds s dmdMWBId,
Lo FoMmgdol dobgzom.
def random flip horizontal (image, boxes):
" 30MBdL 3admUabyemgdsl 3MMOBMBEIMMMI® 50%5-0560 seMdsIMn JsbLno.
3(Ma3363900:
image: L33asbbM3nmMdnsbn B36bMmMn bm3jdno ° (height, width, channels)’
FoM3Moa )bl godmbLabuymdals.
boxes: $3b6bmMn BmM3Jdno " (num boxes, 4)° FoMIMmsalblt B7x3mALsbm3Maem
ha®hmydl, AM3gmoE 334300 BmA3amnbldwmo 3mmAEnbsdgdn.

30(MvbodL:
913nb3x30000 F13MOMMB1dMMm 33dmLabumgdgdLs s haMmhmydl

if tf.random.uniform(()) > 0.5:
image = tf.image.flip left right (image)
boxes = tf.stack(
[1 - boxes[:, 2], boxes[:, 1], 1 - boxes[:, 0], boxes[:, 3]1], axis=-1
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)

return image, boxes

def resize and pad image (

image, min side=800.0, max side=1333.0, Jjitter=[640, 1024], stride=128.0
) :

"rrabogbl 3admLabyMdnl FalPBIONMOSLS s 3ol Fj3Lgdsl, 337MExdNL
363 BIGEMONL

©33300

1. 3babl asdmLobwemaxdnl dsLIBIONMJOsL L], MM3 doLo wMIzgnMaLo a3z3Mon
‘min side’-0b 36093673mMMd0L BMEns.
2. o) wmooElbo 333Mmn ‘max side -ob 8608367mMMdAL Emeons, dmboglL
390MLBBYMONL F3LTBIONMIOS MM MENEILO 337MEO FomMEmmEL
‘max_side -U.

3. 9303LML 3admMLobweMmads 0-3000m B3MR316s8 s J37xs ABIMIL MOMS FoymamBsN

3obogL
‘stride -3
3MamM3)b63xd0:
image: LsdgsbbMAnEMdN3bn Bx6bmAn BM3jdom ° (height, width, channels)’

ToM3mMaa1bL 3admLsbuwemadsl.
min side: 338mLsbymMIdnL 3EnMaLn 337M©O ©NY33670s BMEJI0wmn 33Nl

3609367)mmMds) o “Jitter -0l 8608363MMds 3MAL None.

max_side: o) 9sUBBsdNMIONL Bx0Iy 33FMLIBYYEMIdNL Moo 33]M®N 3F3MdJOL
dmEg8mmo 33manl 3603365emMdsl, FaLBIONMds Bgds oLy, MmA
E0EJLo 333ME0 33AMMEIL IMEIFYmo B3msEal 360836mMdL.

jitter: float §030L MOEB3300L ASAMBsOIZamn MMAJmMOE Bx0Es3L dnbndsemw@ s
334LNB3MH bmM3gdL FsLFBRONMIdNLs s MBY3700LsNZNL .

stride: "330ML0 60Bsbors M30L doxn BnBsbors 3nMsdnEsdn.

399mMon3m)ds 878JabsnMe “image size / feature map size' .

30(MvboL:
image: GsUFB0NMIONM s TJ3LOMM 3odMLIBYEMJdSL.
image shape: 3s8mMULabYEMId0L BMM3s F73LJds0®].
ratio: @38mLsbwymxdnl JsLIBIONMIdOL 3MxBNENI6ARN.

image shape = tf.cast (tf.shape(image) [:2], dtype=tf.float32)
if jitter is not None:
min side = tf.random.uniform( (), jitter[0], jitter[l], dtype=tf.float32)
ratio = min side / tf.reduce min (image shape)
if ratio * tf.reduce max(image shape) > max side:
ratio = max side / tf.reduce max(image shape)
image shape = ratio * image shape
image = tf.image.resize(image, tf.cast (image shape, dtype=tf.int32))
padded image shape = tf.cast(
tf.math.ceil (image shape / stride) * stride, dtype=tf.int32
)

image = tf.image.pad to bounding box(
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image, 0, 0, padded image shape[0], padded image shape[1l]
)

return image, image shape, ratio

def preprocess data (sample) :

""ayg630L 3M335M0MYd0L doxlL Mo 603vTb)

3MamM3)63gd0:
sample: dict &030L E3mo@n MMAgmog FoMmAmamalbl gMo LobLsffozemm 603w 3L.

306 0L :
image: 33UFBONMYONMN s FJ3LOMN 33AMLIBYEMYds F)3cb3)x300m0
3mM0bMBAIMM0 dGOMBoo.
bbox : 973mMALsb3Mxm0 hoMhmgdn bm3gdoo ° (num objects, 4) 7,

Loslg mnomgwem hsMAML 843U BMMAsB0 " [x, y, width, height]’.
class_id: 336bmMn, MMIgmoE md0333gdo0l 3emslnl Lsn)bBnmnzsEnm
6m3gMns, bm3gdoo ° (num objects,)’

won

image = sample["image"]

bbox = swap xy(sample["objects"] ["bbox"])

class id = tf.cast(sample["objects"]["label"], dtype=tf.int32)
image, bbox = random flip horizontal (image, bbox)

image, image shape, = resize and pad image (image)

bbox = tf.stack(
[

bbox[:, 0] * image shapell],
bbox[:, 1] * image shapel0],
bbox[:, 2] * image shapell],
bbox[:, 3] * image shapel0],
]I
axis=-1,
)
bbox = convert to xywh (bbox)

return image, bbox, class id

> 309900l 300060905
F09900  MMIgdog 99905 F99mAbsbgmgo  Bs®BRMgdOLS s  3wslol  Looab@oxgozsgom
B@0M900LYe6, LoFoMmms dmbgls oo JoBBOL 39d@MmMYds© FoMsgdbs bfsgergdol 3Gmgldo. gb yoMsgdbs

39009905 8990930 d0xqOOLYb:

o 9639600 Bs@Bmgdol gbgtomgds dmEgdweeo 4odmbobwyegdol Bmdgdolsmgob.

o 93BN Bo®BMgdolL 563900 Bs®BMgdOLImMZ0L Jobo Fgdss.

e 0L 5639090 Bs®Bmgdo MHmIwgdog 9O 560056 d0boFgdmwo sHE3gMmo Mmdog]EoLIMZ0L, 0d69d056
006039090 3965  3eobol  3amsliobamgol 96 dmbgds  Fsmo  0gbmMoMmgds, 096533900l
39903056905Lmb BoMMdOL dg9a0L dobgz00m.

o 29690060105 3sloBo3oEooLs s MIYMILOOLINZOL LoFomm dobbol 39JGmemgdo 963900
Bo@Bmgdol godmygbgdoom.

e class LabelEncoder:
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" rasMmosjdbol g0l 80bbal 3333MMIds LFs3mMIdaLam3NL.

dmE308m 3Ll aashbns 3416430300 AnbBAL 3733BMEMIdNL
©3Loga163MnMxdms 603v3300L

R3MBOLLN3NL, MMAJMOE FxEaJ0s F)3933tM0 3dmLsbuEM10300Ls6,
00333300l

973m3LsbM3MIM0 haMhMdnlLgsb s oo Lanm)bBnxmN3s3NM BMIMIdNLSE.

B3ESEY00:
anchor box: 363360mmo hs®hmMadol 3363M3@mM0 873m3Lsb@3MIMmMN
ha®hmidnl 3monMmydalbscznl.
box variance: 8sU9Bs006A7300L 3MIBOENI6GEJI00 AMAMId0E 33dmnyx6xds
370mMALsb3MImM0 haMPMJd0L LsBNHBy godmlLsbemgdgdol
33LIBSONM7ONLINZNL .

def init (self):
self. anchor box = AnchorBox ()
self. box variance = tf.convert to tensor(
(0.1, 0.1, 0.2, 0.2], dtype=tf.float32

def match anchor boxes (
self, anchor boxes, gt boxes, match iou=0.5, ignore iou=0.4
)t
"raB3360m hAs@AMIOL L3Ol JBIMMBYG BR3MAMIOL, ebszzjonl
393M00036503LNB6 BsMOMONL dnby300.

1. 030l 0363337000 337MNN36703LNS6 BIMOMOIL SFY30eMdW Mo
M “anchor boxes -0lbs @8 N “gt boxes -olsm3znl Goms dnzommo (M, N)°
©m3xd0L 333MNE..

2. 000003 JAIMMMBbM@ ~sEAML LEMNIMBETn FsjLndsmMmn nvbszzjomnl
397MMN36)03LM36 BIMEMOND, 30xLdEI3]0s 3637 hs®hm MMMl
0565337000 357M0036708 BIMEMOSLMNSE 3MNL "match iou -0l
360836cmmMdab) 3730.

3. 0 LAMOJMB3n sMULJdYMN FsJLNBsMMmn N3bs337000L gsgMmoNsbids sMnl
6o3mM7d0 3000M) “ignore iou’ -U 360B363MMMds, ©637MMM0 AIGRM
3076047005 3365 3Mabal 3emalL.

4. 3Mhgbomo 36330mmon haMhmydn UFo3madol AML snabmmo)ds
AM3JMNSE 3O gashbos 3MsbanMn 3emalon.

3Ma336800:

anchor boxes: float @030l B3bbmMn bmdjdnor " (total anchors, 4)°
MHM3JMOE 3M0L Y3xms 36330 hambhm, dm3gdwemao 838535emM0
339mMULBBYM]d0L BMBnLsM3znl, LssEg oMy 36370 AsGAML 843U
“[x, y, width, height]  og3m®M3s®0.

gt boxes: float @030L B36bmMn BmIJdoo ° (num objects, 4)°, MGMIJIMOE

3M0L JBIMMBYMn haMhmgdn, Loz moomywm hsGhmL 3J3L

“[x, y, width, height] > a3m@3s30.
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match iou: float @030l 33mMon MM3JMmoE FoMIMaalbl ™sbszzgonl
3936M000036703LNV6 BIMEOMONL 30BN M brM3z3ML. ngn goblLsbrzMmazl
37L3dmM0JMNs vy 3MY, M3 JAIMMBMMN hs@Ahm 30360%mL 86370
ho®hmU .
ignore iou: float @030l 33MoE0, MMIJMNE M 3bs337000L gsgMNN3bldsLNSO
BIMEMONL bM3sMns, HMAMNL LyTMIMdnsE BEJds 8637MmMmn hsGhmU
3063 3mMobol 3msLnLsmznl 3nbngqds.

306 0L :
matched gt idx: 33mEbmdomo mdnjjdol nbogjul.
positive mask: 863360mmo hs®AMIOnL Bomsdn, GMIgmog 3obLobmzMmazl oy
Am3gmo hahMLs30L AMbEs JBIMMBYGMN hsORML 30b60&)ds.
ignore mask: 36330vm0 hsMhmadal Bomsdn, aobLobmzMmazl nd homhmdU,
M3 1003 Mbos 0656 3sdmEM330wmo LFs3eM)dnlL ML .
iou matrix = compute_ iou(anchor boxes, gt boxes)
max_ iou = tf.reduce max(iou matrix, axis=1)
matched gt idx = tf.argmax(iou matrix, axis=1l)
positive mask = tf.greater equal (max iou, match iou)
negative mask = tf.less(max iou, ignore iou)
ignore mask = tf.logical not(tf.logical or (positive mask, negative mask))
return (
matched gt idx,
tf.cast (positive mask, dtype=tf.float32),
tf.cast (ignore mask, dtype=tf.float32),

def compute box target(self, anchor boxes, matched gt boxes):

" ras@Eadabol gBASMmMMBbM@® haMhmgdl 30Bbol 354@™MMyds, LFs3eMadoLNzAL "

box target = tf.concat(
[
(matched gt boxes[:, :2] - anchor boxes[:, :2]) / anchor boxes[:, 2:],
tf.math.log(matched gt boxes[:, 2:] / anchor boxes[:, 2:]),
I
axis=-1,

)
box target = box target / self. box variance
return box target

def encode sample(self, image shape, gt boxes, cls ids):
" 4360L AsMhmMULS s 3n0BboL 334AMAL gMon BadMBalLsmznlL" "
anchor boxes = self. anchor box.get anchors(image shape[l],
image shape[2])
cls ids = tf.cast(cls ids, dtype=tf.float32)
matched gt idx, positive mask, ignore mask =
self. match anchor boxes(
anchor boxes, gt boxes
)
matched gt boxes = tf.gather (gt boxes, matched gt idx)
box target = self. compute box target (anchor boxes, matched gt boxes)
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o matched gt cls ids = tf.gather(cls _ids, matched gt idx)

. cls _target = tf.where(

° tf.not equal (positive mask, 1.0), -1.0, matched gt cls ids

° ) a a - a

o cls target = tf.where(tf.equal (ignore mask, 1.0), -2.0, cls target)

. cls_target = tf.expand dims(cls target, axis=-1)

. label = tf.concat([box target, cls target], axis=-1)

° return label

[ ]

. def encode batch(self, batch images, gt boxes, cls ids):

. "1 d360L hsMhMmUS s 30BbnL 333BMMJdL KamaznLs;mzalL" ™"

° images shape = tf.shape(batch images)

. batch size = images shape[0]

) _ _

° labels = tf.TensorArray (dtype=tf.float32, size=batch size,
dynamic_size=True)

. for i in range (batch size):

o label = self. encode sample (images shape, gt boxes[i],

cls_ids[i])
o labels = labels.write (i, label)
o batch images =
tf.keras.applications.resnet.preprocess_input (batch images)
° return batch images, labels.stack()

[ ]
ResNet50-0b 3og0LG&Mseols 53905

RetinaNet 04qbqdl ResNet-bg 055373690 dog0L@®ol, HMIwol 259mygbgdol ®mmbsg bwgds Bodsbms
3065300l Jugerol  sygds. 53 smEsbsdo  B3gh  30ygbgdod  ResNet50-l  dogolGMomo® ©s F9gAO©
Q50MHMbgdE 60Tsbms (1393l doxgdom 8, 16, o 32.

def get backbone () :
"r3aqgdl ResNet50-U FoboblFsm BoLFozmo imagenet-ob Fmboomo 3myxz03036@ 000" ™"
backbone = keras.applications.ResNet50 (
include top=False, input shape=[None, None, 3]
)
c3_output, c4 output, c5 output = |
backbone.get layer (layer name) .output
for layer name in ["conv3 block4 out", "conv4 block6 out", "conv5 block3 out"]
]
return keras.Model (
inputs=[backbone.inputs], outputs=[c3 output, c4 output, c5 output]

6085605 30900 Jugemols 53905, Keras-ol 8Mols Labood

class FeaturePyramid(keras.layers.Layer) :

" aa0lL 60Bsbos 30M3dn@al, B0Bsbos M3nL gedmysbidoo.

B3s@gd0:
num classes: 3masbgdol Mammgbmds LoLFfszmm 653(M)d30n.
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backbone: 3530LAMmIMN LanEsbog bids BnBsboms 3nMsdnnl vg)ds
337905@ 8]J3L AbMeMME ResNet50-0L ABSMEIEIMS .

win

def init (self, backbone=None, **kwargs):
super (FeaturePyramid, self). init (name="FeaturePyramid", **kwargs)
self.backbone = backbone if backbone else get backbone ()

self.conv_c3 1x1 = keras.layers.Conv2D (256, 1, 1, "same"
self.conv_c4 1x1 = keras.layers.Conv2D (256, , , "same"
self.conv_c5 1x1 = keras.layers.Conv2D (256, , , "same"

(

(
self.conv_c3 3x3 = keras.layers.Conv2D (256,

(

(

(
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self.conv_cd4 3x3 = keras.layers.Conv2D (256, 3,
3
3
3
(

self.conv_c5 3x3 = keras.layers.Conv2D (256, , , "same"
self.conv_c6 3x3 = keras.layers.Conv2D (256, , , "same"
self.conv_c7 3x3 = keras.layers.Conv2D (256, , , "same"
self.upsample 2x = keras.layers.UpSampling2D(2)

def call(self, images, training=False):
c3_output, c4 output, c5 output = self.backbone (images,

training=training)

p3_output = self.conv_c3 1x1(c3 output)

p4 output = self.conv_cd4 1x1(c4 output)

p5 output = self.conv_c5 1x1(c5 output)

p4 output = p4 output + self.upsample 2x(p5 output)
p3_output = p3 output + self.upsample 2x(p4 output)
p3_output = self.conv_c3 3x3(p3_output)

p4 output = self.conv_cd4 3x3(p4 output)

p5 output = self.conv_c5 3x3(p5 output)

p6_output = self.conv_c6 3x3(c5 output)

p7 _output = self.conv_c7 3x3(tf.nn.relu(p6_ output))
return p3 output, p4 output, p5 output, p6 output, p7 output

3W5b0g3035300Ls S BIORML MHgAMALOOL 16390l 590s.

RetinaNet-l 2596600 589096009 0530, G9amALOBEOZMY0 Bo@bml  Mgacmabools s ™dogd@Eol  Jersbol
5@0d5MBJOOL 3B HBOMGOOLIMZ0L. BGds 58 393900L FoB0sMYdS 650Tsbms d3oMsdools yzgws Bodsbos
350 deatrobs.

def build head(output filters, bias init):
"rreagol 3emolol/hsGAML 3GMabmbnMydnl oozl

3(Ma3363900:
output filters: 6563330 BOME®JOOL AoMEIEMdS dmemm BM)T0.
bias init: {fobs33madol 3mxaz303036G0 dmemm Bsabzjgzn BMoLscmznL.

30MBbJdL: keras-ob 036308®)3AWMMN AMEIMO, MMIJMOE ZEMILOBNINIENS 6
ha@hmL M1a3MaLooLl o3ns “output filters -oLgs dnobjo3no.
head = keras.Sequential ([keras.Input (shape=[None, None, 256])])
kernel init = tf.initializers.RandomNormal (0.0, 0.01)
for _ in range (4):
head.add(
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keras.layers.Conv2D (256, 3, padding="same",
kernel initializer=kernel init)
)
head.add (keras.layers.RelLU())
head.add(
keras.layers.Conv2D (
output filters,
3,
1,
padding="same",
kernel initializer=kernel init,

bias initializer=bias init,

)

return head

RetinaNet-ol 53905 d393waligds ©9gmz30eo dm@geols Ls8wgswgdoo.

class RetinaNet (keras.Model) :

"""Keras-0oU J333mMoLgdo® @aymaznmon dm@amn, Mm3gmol 0Yyjbjdl RetinaNet
3MJ0d333BMsL.

B3@J00:
num classes: 3@abgdol Mammgbmds LsLFfs3zmm 6s3Mxd30n.

backbone: 8s30ULEM3MO LsnEIbsE BOJds 60Tsbns 3nMs3nnl 3708
337585 5J3L AbMeMME ResNet50-0L AbsMOIEIMS .

def init (self, num classes, backbone=None, **kwargs) :
super (RetinaNet, self). init (name="RetinaNet", **kwargs)
self.fpn = FeaturePyramid (backbone)
self.num classes = num_classes

prior probability = tf.constant initializer(-np.log((l1 - 0.01) / 0.01))
self.cls head = build head(9 * num classes, prior probability)
self.box head = build head(9 * 4, "zeros")

def call(self, image, training=False) :

features = self.fpn(image, training=training)

N = tf.shape (image) [0]

cls outputs = []

box outputs = []

for feature in features:
box outputs.append(tf.reshape(self.box head(feature), [N, -1, 4]))
cls outputs.append (

tf.reshape (self.cls head(feature), [N, -1, self.num classes])

)

cls outputs = tf.concat (cls outputs, axis=1l)

box outputs = tf.concat (box outputs, axis=1l)

return tf.concat ([box outputs, cls outputs], axis=-1)
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0600300095000 TOHOL 53905, 3OMbmbgdols ©IIM©OMmPdOLIMZOLs

class DecodePredictions(tf.keras.layers.Layer) :

" Keras-ob 907 MmMIgmog sbogbl RetinaNet-ob dmoamol 3Mmabmbydol
©33MEO0M70L .

B3@J00:
num classes: 3mabgdol Mammgbmds LsLFFs3zmm Bs3MxdTBn

confidence threshold: 3moloL 30608stmMn seMdsIMds MMIMOL J370mosi3 bBoJds
h33MEAMS 33MEbMdNL MMU.

nms_iou threshold: 068333000 393M00036300LWE BaMEMONL brvy@dmMo NMS
™m336M5300LsM30UL
max_detections per class: 83mEbmdscs 33jLndsmMmn MamE]bmds cnom 3ol
BmA0L, AMIgmos 8365Mhbds3 dmMbds.
max_detections: 33mEbmdscs 33JLNIdMMN MOMEIBMds Y3amo MLl Bmeal,
Am3gmons 9365MhmMb6ds3 dMbds .

box variance: 0sU93s006A00L 3M7mBOENI6ARN, MM3JmoE 33dmMmnyx67ds
870mMALsb3zMmo AsORML 3MMabmbnMmidalsm3znl

won

def init (
self,
num_classes=80,
confidence threshold=0.05,
nms_iou threshold=0.5,
max_ detections per class=100,
max_ detections=100,
box variance=[0.1, 0.1, 0.2, 0.2],

**kwargs

) :
super (DecodePredictions, self). init (**kwargs)
self.num classes = num classes

self.confidence threshold = confidence threshold
self.nms iou threshold = nms iou threshold

self.max detections per class = max detections per class
self.max detections = max detections

self. anchor box = AnchorBox ()
self. box variance = tf.convert to tensor (
(0.1, 0.1, 0.2, 0.2], dtype=tf.float32

def decode box predictions(self, anchor boxes, box predictions):
boxes = box predictions * self. box variance
boxes = tf.concat(
[

boxes[:, :, :2] * anchor boxes[:, :, 2:] + anchor boxes[:, :, :2],
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tf.math.exp (boxes[:, :, 2:]) * anchor boxes[:, :, 2:],
I
axis=-1,
)
boxes transformed = convert to corners (boxes)

return boxes transformed

def call(self, images, predictions):
image shape = tf.cast (tf.shape(images), dtype=tf.float32)
anchor boxes = self. anchor box.get anchors(image shape[l],
image shape[2])
box predictions = predictions[:, :, :4]
cls _predictions = tf.nn.sigmoid(predictions[:, :, 4:])
boxes = self. decode box predictions(anchor boxes[None, ...],
box predictions)

return tf.image.combined non max suppression (
tf.expand dims (boxes, axis=2),
cls_predictions,
self.max detections per class,
self.max detections,
self.nms iou threshold,
self.confidence threshold,

clip boxes=False,

330 L1 ©3653561306 gmbgdools s 8masemmmo @abs3smyol gublsogdol 0d3¢rgdgb@saos Keras-ol
0603005 MGo bJzogdol Lsboom

class RetinaNetBoxLoss (tf.losses.Loss):

nrramman L1 363330l x3vbjiz0nl 033¢ma336@sEns" "

def init (self, delta):
super (RetinaNetBoxLoss, self). init (

reduction="none", name="RetinaNetBoxLoss"

)
self. delta = delta

def call(self, y true, y pred):

difference = y true - y pred
absolute difference = tf.abs(difference)
squared difference = difference ** 2

loss = tf.where(
tf.less (absolute difference, self. delta),
0.5 * squared difference,
absolute difference - 0.5,

)

return tf.reduce sum(loss, axis=-1)
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class RetinaNetClassificationLoss (tf.losses.Loss) :

"M RMISMNMN 3B333MnL 3vbjznnl nd3emx836@ a0 "

def init (self, alpha, gamma):
super (RetinaNetClassificationLoss, self). init (
reduction="none", name="RetinaNetClassificationLoss"

)
self. alpha

alpha

self. gamma gamma
def call(self, y true, y pred):
cross_entropy = tf.nn.sigmoid cross entropy with logits(
labels=y true, logits=y pred
)
probs tf.nn.sigmoid(y pred)
alpha = tf.where(tf.equal(y true, 1.0), self. alpha, (1.0 - self. alpha))
pt = tf.where(tf.equal(y true, 1.0), probs, 1 - probs)

loss = alpha * tf.pow (1.0 - pt, self. gamma) * cross_entropy

return tf.reduce sum(loss, axis=-1)

class RetinaNetLoss (tf.losses.Loss):

" 8303330 3emsln, mA0 sbszsMmanl BmMBIznnl asLsxMmoNsbldms "

def init (self, num classes=80, alpha=0.25, gamma=2.0, delta=1.0):
super (RetinaNetLoss, self). init (reduction="auto",
name="RetinaNetLoss")
self. clf loss = RetinaNetClassificationLoss (alpha, gamma)
self. box loss = RetinaNetBoxLoss (delta)

self. num classes = num classes

def call(self, y true, y pred):

y _pred = tf.cast(y pred, dtype=tf.float32)

box labels = y truel[:, :, :4]

box predictions = y pred[:, :, :4]

cls labels = tf.one hot(
tf.cast(y truel:, :, 4], dtype=tf.int32),
depth=self. num classes,
dtype=tf.float32,

)

cls _predictions = y pred[:, :, 4:]
positive mask = tf.cast(tf.greater(y truel:, :, 4], -1.0),
dtype=tf.float32)
ignore mask = tf.cast(tf.equal(y truel:, :, 4], -2.0), dtype=tf.float32)

clf loss = self. clf loss(cls labels, cls predictions)
box loss = self. box loss (box labels, box predictions)
clf loss = tf.where(tf.equal(ignore mask, 1.0), 0.0, clf loss)

box loss = tf.where(tf.equal(positive mask, 1.0), box loss, 0.0)
normalizer = tf.reduce sum(positive mask, axis=-1)
clf loss = tf.math.divide no nan(tf.reduce sum(clf loss, axis=-1),

normalizer)
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box loss = tf.math.divide no nan(tf.reduce sum(box loss, axis=-1),
normalizer)
loss = clf loss + box loss

return loss

Lsbfsgeme 3s0589@Mgdol 80b60Fgds

model dir = "retinanet/"
label encoder = LabelEncoder ()

num classes = 80
batch size = 2

learning rates = [2.5e-06, 0.000625, 0.00125, 0.0025, 0.00025, 2.5e-05]
learning rate boundaries = [125, 250, 500, 240000, 360000]
learning rate fn = tf.optimizers.schedules.PiecewiseConstantDecay (

boundaries=learning rate boundaries, values=learning rates

)
3m@9@ol 060305mOBIE0s S 3MI30ESE0d

resnet50 backbone = get backbone ()
loss fn = RetinaNetLoss (num_ classes)

model = RetinaNet (num classes, resnet50 backbone)

optimizer = tf.optimizers.SGD(learning rate=learning rate fn, momentum=0.9)

model.compile (loss=loss fn, optimizer=optimizer)

M3 3o 0mdobgdolb gubdgogdol o 0ffgco

callbacks list = [
tf.keras.callbacks.ModelCheckpoint (
filepath=os.path.join(model dir, "weights" + " epoch {epoch}"),
monitor="loss",
save best only=False,
save weights only=True,
verbose=1,

]
COCO2017 bsbfogarm BogMgdol Bo@zo®mgs TensorFlow Datasets-ob a5dmyqbgdom

# LAY LsLFs3mM 653M700L hsLsB3nMmo® - “data dir=None®

(train dataset, val dataset), dataset info = tfds.load(

"coco/2017", split=["train", "validation"], with info=True, data dir="data"
)
tf.data3mbggog®ols gs8s603s

(OMON 5360(jdbggm, OIuN dmgel 98399BHOs© d09hm9ds dmbs9dg00, B30b
399mg094qbgoom tf.data 3MmyMsdme 06 MHEgolL Fgdsgowo 3mb3zgogMol sboggds. 8gdsgso  3mbggogmo
39009905 3990930 30MH0MSO dOKJOOLYS.

e 253m3049bmo 3M7356M0Mqd0L gmbJi0s bodwdgdby.
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e 393936500 BodloMgdYo LOOEOL X FMBIOO0. MoYBG XMBT0 SOBYIWM FodmbobLIEgdOL
9900905 3Jmbgon bgoalibgs Bmdgdo s Bb3s@olbgs Momgbmdol mdogddgdo, P3gb

399m3099bgd0 padded_batch-Us dsGm 3Mmbs Bs®Bmgdol dglogdbgers s 3500 s FoMmMYdOLETGdM
d9bo3B9ds.

e 993Jdbson d0BBoL 39JEHMMJO0 XyMBd0 sGLYdEO MoMMYYEo Bodmdolbsmgol LabelEncoder-ol
399my9bgd00.

e autotune = tf.data.experimental.AUTOTUNE

e train dataset = train dataset.map (preprocess data,
num parallel calls=autotune)

e train dataset = train dataset.shuffle(8 * batch size)
e train dataset = train dataset.padded batch
° batch size=batch size, padding values=(0.0, le-8, -1),

drop remainder=True

e )

e train dataset = train dataset.map (

° label encoder.encode batch, num parallel calls=autotune

e )

e train dataset = train dataset.apply(tf.data.experimental.ignore errors())
e train dataset = train dataset.prefetch (autotune)

e val dataset = val dataset.map (preprocess data,
num parallel calls=autotune)
e val dataset = val dataset.padded batch(
° batch size=1, padding values=(0.0, le-8, -1), drop_ remainder=True
e )
e val dataset = val dataset.map (label encoder.encode batch,
num parallel calls=autotune)
e val dataset = val dataset.apply(tf.data.experimental.ignore errors())
e val dataset = val dataset.prefetch (autotune)

dmgeols bfogangds

# LEWE LILFo3mm Bs3Mxd0b) LFs3eMId0lL EAML, dmabonbjior dM3®)36Mm LEMNIMBdNL
©33M37630M70s .

# train steps per epoch = dataset info.splits["train"].num examples //

batch size

# val steps per epoch = \

# dataset info.splits["validation"].num examples // batch size

# train steps = 4 * 100000
# epochs = train steps // train steps per epoch

epochs =1

# 3083700 100 LaLfozmmm o 50 LsdaLEM doxb],
# FoBomyo .take' LAY LsLFs3MM 633010 LFS3MIONL EEMU.

model.fit (

train dataset.take(100),
validation data=val dataset.take(50),
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epochs=epochs,
callbacks=callbacks list,
verbose=1,

)
fmbomo 3m9803096¢ 00l Bs@zotmogs

# 99339mao J339mon 8mEJ13ymo 33momn ‘model dir’-bg MMEILSE oM 0yjbldo
# aodmffgmom Fmboo 3mignEnN36@3 0L .

weights dir = "data"
latest checkpoint = tf.train.latest checkpoint (weights dir)
model.load weights (latest checkpoint)

3590535¢00 9oL 53905

image = tf.keras.Input (shape=[None, None, 3], name="image")

predictions = model (image, training=False)

detections = DecodePredictions (confidence threshold=0.5) (image, predictions)
inference model = tf.keras.Model (inputs=image, outputs=detections)
50m36mdOL 30BMOEoBIE0s
def prepare image (image) :
image, , ratio = resize and pad image (image, jitter=None)
image = tf.keras.applications.resnet.preprocess_input (image)
return tf.expand dims (image, axis=0), ratio

val dataset = tfds.load("coco/2017", split="validation", data dir="data")
int2str = dataset info.features["objects"]["label"].int2str

for sample in val dataset.take(2):
image = tf.cast (sample["image"], dtype=tf.float32)
input image, ratio = prepare image (image)
detections = inference model.predict (input image)
num detections = detections.valid detections[O0]
class names = [
int2str(int(x)) for x in detections.nmsed classes[0] [:num detections]
]
visualize detections(
image,
detections.nmsed boxes[0][:num detections] / ratio,
class names,
detections.nmsed scores[0] [:num detections],

365gG03 o Lssdm@sem #7

50365 : 500580560l 30MHOLEbOL IGHIJE0s s 58MEBMdS MrYseyH M@0

Ls3dom  FguBrmgdeos C# 3OMyMsT0MmYdoL 9bsbg, 3mTo gsdmygbgdmwos ©s JoMOMIWIE

9946©©bmds 9dyw Lg-ob (Emgu cv), Mmdgerog s®ob “OpenCV” 258mbobmergdol sdvdsgqdol dodwrommgzol
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300005993960 .Net 3womxm®dol 96gdbg. OpenCV Bomowo {oMdomdol as8mbobwmaergdol ©sdmdsgzgdols
00000935 06EJEoliysb.

®309JBHoL  sLobobo  30ygbgdo ,Haar Feature-based Cascade Classifiers ®mdgwog odbs
990mm935%gdeo Paul Viola and Michael Jones -ob dogé dso Bsd0mddo "Rapid Object Detection using a
Boosted Cascade of Simple Features” 2001 §igaob. gbs 6ol 3sbdbol Lfogargdsby @sgmdbgdveo bgdbo,
LooE 3OUIOMMO BMbJ30s ML bslfogwro 893M0 HIIOMO s YoMmYMBoMo LYYMomgdom. 998 00
2090996985 G0 50dMz5806mm 339 boliffogaro mdogd@o Lbgs LwyMomgddog.

50 9900mOoL 3domdol 3M0bE030s Ggostml kernel-ol dogH dgJdbogro Lbgsslibgs dobsliosmgdergdo
0gm6 3odbgwms 1ogsd3sd0L LogMomm d60dzbgeol s o3 3odLgwms 103sd3580L LogMmm d60dzbgerols
Lbgomds, 339 Bobijoge A39670900.

LYOool 53853900l 3OM(3gLd0, 00 0ymRs 24x24 LOEOEOL LYIMOMYIS s TonDg bgds
LomomomE Y4zqwrs features-ob 9gogds, GMIgLog LHogergdol 3MmEgllido Jmbs Y3zgwsby Towawro
50dmBgbol HoMdo@mds.

OpenCV 096 8mygzgds 339 bobfsgeo s@adosbols Labggdols sdmbmdol Haar Cascade Classifiers,
MHmdgerog dmoEegl 6000 Fomdo@gdwen features, o@D sLgmo MomEIbmds BgdgEo© ©OEO ML
§5009005 ®omMmgMwo 24x24 wyMomol dmbs3zgzgool dglodmfidgdws, s3¢mMds oym gl features-gdo 38
bongoxs, 1, 10, 25, 25 s 50features 306390 boyo bovgoxdo,

306390 3593900L5L, v 56 04bs Imdgd6oo Bobsdg Boliffogero Tsbogms, Asa30bLBOL 306M39¢ Hoydo
29830M0bogdol Bobyx sMl, HMIYE0E 993353YMO0bIdL, HMA LolFogem Foboerol BOBEIOMMY3ZS (39M0YEN0S;

5L 890099, M3 ©9393¢003530 ,OK” o3y, 2o0blbgds doMomo@o Losdwmdsm gobxo®s, Loog
39230005 Bobmon:

1. doomoo A5dmbsbwargdols 0doxdmdlo, Mdmdgedo begds s i
399960L LGB0 FoEJOMEo FodmbobEgdols AsTMELbo, ; :. Wi ge-madtiis

3b9g3g 98mEbmdowo vy sdmY3bgwo  Labggdol  goByse

B39bgdo. |]: E (b) Line Features

(c) Four-rectangle features
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2. &Mgoboy LgdBHm®To, 560l bolifageo Lobol 30BMsEwmGmo Lobgzgbgdgwo odoxdmdbo s Lobgwrol
dobobodFgdgmwo  Bsbofig®o  spowo,  ©@d oz sbdmBgbowo  Lsbol
5L5dobLMZMYPIWS. ‘iﬂ;;ﬂ
3. 9B EHsGHJO0L gobymagomads Gmdgudos, 330639690L Modgbo 39MLmbs 03bo
50dmPgboo s o0 Lobgergdl, 1939 063560 4FIZ900 VO30 o GOl FMMs3LYOdLIEO.
B GHMLYOSNO.

4. 54 89330005 bbgoolbgs 30D Mo Asdmbobmmgdom 3bsbmo bffagwgdologol dmdbowgdmwo

doM0m1©O BobXMOL goblibol 9999y, 0dolm30l, MHMI 3GrMAMTs SOFYML IMTomds S JooMMls
2590bsbMEgds 3589006 MbEs g FOMM™M Vo3l ,,1. Detect and Recognize”, Mol

999009256 399JBH0OIOL 0009 3bEEgML“ Bbdios FrameGrabber -olmgol s 4950v1ddgdL bgerdgmeg
0539M0Lb L3NNG 0o3L.

w Face

Tawning

Name Yourtiane

2. Add face

[ 8GR (] Eousand
oJ Face

|
| (2D

Yourhiame

2 Add face
Equakzation

330Q035305 YM39ge xXgMODY, OMmEILSE 930LBo0s, 0Ol Sboen 35O, s5FIZzqdL Do,
haarcascade-ols 99939md00 3O MBL s06SHML 30B63MYEHME 35MT0 GOl MY 9GS 5506l 30MHI30MHO
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Lobg. v G9dem ©sbsbgs, 0madl 3506MOL 00 IMbo3zgml, Losg Loby sMOL s AooygsgL 100 3odbgero 100

304Lgol BmGmTs@Gdo Mslsg oLl EigenObjectRecognizer-l mvy 23543 gMmo gm@Gm dgbsbrmero

59mboEbmdo 306ob;

LHo3wgd0Lsl Name: 46003580 Mbs Bo3{gM™mm doMomo 3999MsHg sbosbmamo 3060l Labgwo @s sdol

990009 ©93953wozmm “2. Add face” os3l,

23933060l 0bBMOToEBHMOIME  BBXIMIBL s  Fgy35BHYMmdobdlL, Mmd B3zgbL dogH BoGoMgdMo

LHogwgds Fo0Bo@gdom dglevems, oMo BobxsMsdo Lfogwrgdol aMsgsdo gsdmbbogds BmE™M LvEMmsco

3060L MHmIgeog 8gobsbgds dsbsdo. LMEMsE s8MmEbmdOL sTs30sYmTBOEGdIo 3MM3EgEEOL obomgds©
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bH30000L5FYIG, F99300¢05 9J30Ws0bHY FobyMmRoWgdsdo 3bsbmom drem boliffsgero Lobols da6 o
9930o0BE  FodMLobyengdgdo, 9mdogowdo 33930530, MM godmbobrmegdol Lfogergds s  s0m3bmds
b0l 9J990BgE 498mBobEgd0Lb M) LHMMs sdmEbMmdOL ba®olbo 04bgds Mo3Gm owswo.

FgL5d530O 3O ST JMEo:
using System;
usingSystem.Collections.Generic;
usingSystem.Drawing;
usingSystem.Windows.Forms;
using Emgu.CV;
usingEmgu.CV.Structure;
usingEmgu.CV.CvEnum;
using System.|O;
usingSystem.Diagnostics;
namespaceMultiFaceRec
{
public partial class FrmPrincipal : Form {
//Declararation of all variables, vectors and haarcascades
Capture grabber;
Image<Bgr, Byte>Cframe;
Image<Bgr, Byte>resultRGB, TrainedBgr =null;

Image<Gray, byte>TestGray, result, TrainedFace = null;
Image<Gray, byte> gray = null;
HaarCascade face;
//HaarCascade eye;
MCvFont font = newMCvFont(FONT.CV_FONT_HERSHEY_TRIPLEX, ©.5d, 0.5d);
List<string> labels = newlList<string>();
List<string>NamePersons = newlList<string>();
List<Image<Gray, byte>>trainingImages = newlList<Image<Gray, byte>>();
intContTrain, NumLabels, t;
string name, names = null;
publicFrmPrincipal()

{
InitializeComponent();
//Load haarcascades for face detection
face = newHaarCascade("haarcascade_frontalface_ default.xml");
//eye = new HaarCascade("haarcascade_eye.xml");
try

{

//Load of previustrainned faces and labels for each image
stringlLabelsinfo = File.ReadAllText(Application.StartupPath +
"/TrainedFaces/TrainedLabels.txt");
string[] Labels = Labelsinfo.Split('%");
NumLabels = Convert.ToIntl6(Labels[0]);
ContTrain = NumLabels;
stringlLoadFaces;
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for (inttf = 1; tf< NumLabels+1l; tf++)
{
LoadFaces = "face" + tf + ".bmp";
trainingImages.Add(newImage<Gray, byte>(Application.StartupPath + "/TrainedFaces/"
+ LoadFaces));
labels.Add(Labels[tf]);

}

catch(Exception e){

//MessageBox.Show(e.ToString());

MessageBox.Show("Library is empty.", "No facees in Lib", MessageBoxButtons.OK,
MessageBoxIcon.Exclamation);

Directory.CreateDirectory(Application.StartupPath + "/TrainedFaces");
File.CreateText(Application.StartupPath + "/TrainedFaces/TrainedLabels.txt");

}
}
private void button1_Click(object sender, EventArgs e)
{

//Initialize the capture device
grabber = newCapture();
grabber.QueryFrame();
//Initialize the FrameGraber event
Application.Idle += newEventHandler(FrameGrabber);
buttonl.Enabled = false; }
private void button2_Click(object sender, System.EventArgs e)
{
DetectFace();
}
public void DetectFace()
{ try {
//Trained face counter
ContTrain = ContTrain + 1;
//Get a gray frame from capture device
gray = grabber.QueryGrayFrame().Resize(320, 240,
Emgu.CV.CvEnum.INTER.CV_INTER_CUBIC);
//Face Detector
MCvAvgComp[][] facesDetected = gray.DetectHaarCascade(
face, 1.2,10,
Emgu.CV.CvEnum.HAAR_DETECTION TYPE.DO_CANNY_PRUNING,
newSize(20, 20));
//Action for each element detected
foreach (MCvAvgComp f infacesDetected[@])

TrainedFace = Cframe.Copy(f.rect).Convert<Gray, byte>();
TrainedBgr = Cframe.Copy(f.rect);
break;

}
//resize face detected image for force to compare the same size with the
//test image with cubic interpolation type method
TrainedFace = result.Resize(100, 100, Emgu.CV.CvEnum.INTER.CV_INTER_CUBIC);
trainingImages.Add(TrainedFace);
labels.Add(textBox1l.Text);
//Show face added in gray scale
imageBox1l.Image = TrainedFace;
// resize Bgr face Detected Image
TrainedBgr = resultRGB.Resize(100, 100, Emgu.CV.CvEnum.INTER.CV_INTER CUBIC);
//Write the number of triained faces in a file text for further load
File.WriteAllText(Application.StartupPath + "/TrainedFaces/TrainedLabels.txt",
trainingImages.ToArray().Length.ToString() + "%");
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//Write the labels of triained faces in a file text for further load
for (inti = 1; i<trainingImages.ToArray().Length + 1; i++)

trainingImages.ToArray()[i - 1].Save(Application.StartupPath + "/TrainedFaces/face"
+ i+ ".bmp");

File.AppendAllText(Application.StartupPath + "/TrainedFaces/TrainedLabels.txt",
labels.ToArray()[1 - 1] + "%");

MessageBox.Show(textBox1l.Text + "’s detected", "Training OK", MessageBoxButtons.OK,
MessageBoxIcon.Information);

catch(Exception ex )
{
MessageBox.Show("Face detection exception: + ex, "Training Fail",
MessageBoxButtons.OK, MessageBoxIcon.Exclamation);
3}
voidFrameGrabber(object sender, EventArgs e) {
label3.Text = "0";
//label4d.Text = "";
NamePersons.Add("");
//Get the current frame form capture device
Cframe = grabber.QueryFrame().Resize(320, 240,
Emgu.CV.CvEnum.INTER.CV_INTER_CUBIC);
//Convert it to Grayscale
gray = Cframe.Convert<Gray, Byte>();
//Face Detector
MCvAvgComp[][] facesDetected = gray.DetectHaarCascade(
face, 1.2,10,
Emgu.CV.CvEnum.HAAR_DETECTION_TYPE.DO_CANNY_PRUNING,
newSize(20, 20));
//Action for each element detected
foreach (MCvAvgComp f infacesDetected[@])

{

t=1t+ 1;

result = Cframe.Copy(f.rect).Convert<Gray, byte>().Resize(100, 100,
Emgu.CV.CvEnum.INTER.CV_INTER_CUBIC);
resultRGB = Cframe.Copy(f.rect).Resize(100, 100,
Emgu.CV.CvEnum.INTER.CV_INTER_CUBIC);
//draw the face detected in the @th (gray) channel with blue color
Cframe.Draw(f.rect, newBgr(Color.Red), 2);
if (trainingImages.ToArray().Length != 0) {
//TermCriteria for face recognition with numbers of trained images like
maxIteration
MCvTermCriteriatermCrit = newMCvTermCriteria(ContTrain, 0.001);
//Eigen face recognizer
EigenObjectRecognizer recognizer = newEigenObjectRecognizer(
trainingImages.ToArray(),
labels.ToArray(),3000,reftermCrit);
name = recognizer.Recognize(result);
//Draw the label for each face detected and recognized
Cframe.Draw(name, ref font, newPoint(f.rect.X - 2, f.rect.Y - 2),
newBgr(Color.LightGreen));

}
NamePersons[t-1] = name;
NamePersons.Add("");
//Set the number of faces detected on the scene

label3.Text = facesDetected[@].Length.ToString();
}
t =0;

//Names concatenation of persons recognized

40



for (intnnn = ©; nnn<facesDetected[@].Length; nnn++)

{ n n

names = names + NamePersons[nnn] + ", ";

//Show the faces procesed and recognized

imageBoxFrameGrabber.Image = Cframe;
label4.Text = names;

names = "";

// Equalization image processing Testing

//Gray Checked

if (CHBGray.Checked&& !CHBEqualized.Checked)

{

imageBoxGray.Image = TrainedBgr;

}
//Equalized Checked

if (CHBEqualized.Checked&& !CHBGray.Checked )
{

TestGray = TrainedFace;
TestGray. EqualizeHist();
imageBoxGray.Image = TestGray;

}

//Clear the list(vector) of names
NamePersons.Clear(); }
private void CHBGray_CheckedChanged(object sender, EventArgs e)
{if (CHBGray.Checked)
{ CHBEqualized.Checked = false; }

}
private void CHBEqualized_CheckedChanged(object sender, EventArgs e)

{ if (CHBEqualized.Checked)
{ CHBGray.Checked = false; }
}
}
}
3653430 3mero bsdmdsm #9

50m3965: 30GOMEO 35mbobregdols BoEMmIG0d

L53Fom LEEEYds 3GMYMsTds Matlab-ob godmygbgdoo.
2090bsbagdol o EHM305 (5*5) 2obBmTowgdol godsliodw)swgdgero o EMOL Ladregdoo -
averaging filter
I=imread(‘coins.png’);
H=ones(5,5)/25
12=imfilter(Lh);
Imshow(I), title(‘Original Image’);
Figure, imshow (12), title (‘filtered Image’).
Analyzing and Enhacing Images
Removing Noise from Image - sbgbl godmbobmegdosb ©s8gbody Godob bdsr@ol IMTmMmgdL,
2090bobmegdol gofidgbsls bdsw®molysb.
I=imnoise(I, type), bosg type 560l LEMobao 3063M9¢wEwo bdsmMol domomgdom:
‘gaussian’ - 3obob ©goM0o bdswyMo 31T030 Js0. FEI-000 S POL3IOLOOM.
‘salt & peper’
J=imnoise (I, type, parameters) - 3530Uobv)e0g0sL 5@gdL bom®L s sbg3g LEBWIMIZL STSGHIOO0M 3565TgGHMU,
0595000050, 11035335306 E0535BMbL 0-s6 1-0y.
J=imnoise (I, ‘salt & peper’, d) — ,,0500wo s Foffo3o“ FGH030L HBIsMOL oEIdS I Fodmbobryegdsby, Losg d
b3swHOL bLod3zMH039s. LaBMYsME, d=0.05, 0.02 s Lbgs. sbz0oboEMmm bdswMmol bbgsabbgs LodzzMogzggdo.
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35630boemm sgsemomo:

I=imread(‘eight.tif ’);
J=imnoise (I, ‘salt & pepper’, 0.02)
Figure, imshow (I)

Figure, imshow (J)

bdoMmo bdomEol Imbogowgdws 094gbgdgbh 990056996 gowGML, GMIgwoa @odslsdmowmgdgwo
BowG®olL dbyoglos. 390005699MH0 BowGHOO FoMdmowygbl sMHMOR0Z Mm3gMOGHMML. s8obmzol gsdmoyqbgds
0Mdsbgdgdo
B=medfilt2 (A, [m n]) — A B5@&®03EsDg ORbDMB0egd0s60 390s6M0 FowEHMOL 4sdmygbgds.
B=medfilt2 (A) — (3*3) 3o6%BmF0gdol 9906100 BoE®OL 358mygbgds A sG®0EsbY.
B=medfilt2 (A,‘indexed’, ...) - 39000569960 gowEHMOL 35dmygbgds 0b@aJuoMmgdME A 459mbobuengdsty, bLoog
< 50005l 09690 0 56 1, 000l dobgz0m, 0099 MMRMO0s A FoGMoEol 3eslo - Unit8 o double.
08 9900bg93580, vy 99000560l 603369¢Mds Fosos, 35806 ol Bsdmsoowgdgb fowsw Bsfowls. o ol
8903530 g39ws b 3osbgwob fadGHowgdL.
0535¢0000:

»05600¢0 5 Hoffogs“ BHo3ob HTorMHoliysh Fodmliabmamgdol §sfdgbs
I=imread(‘eight.tif ’);
J=imnoise (I, ‘salt & pepper’, 0.02);
K=medfilt2(])

imshow (J), Figure, imshow (K)

2005b58995¢M YOO S 390699HO RO EHMYOOL FgEsMgdOL Bog5W000:
bdsMol GHodo: ‘salt & pepper’, 590m0ygbgds 2-256%BmIowgdosbo (3*3) gow@G®o
I=imread(‘eight.tif’);
imshow (I)

»0562000 5 Fofozo“ 030l bdsw®mol sgds JodmLsbwamgdsty
J=imnoise (I, ‘salt & pepper’, 0.02);

Figure, imshow (])

2005153995 M YOI FOWGHOOL 25dmYyqbgds godmbabryegdol dolslyzmsg39ds© bdsmolsysb
K=filter2(fspecial (‘average’, 3), J)/255;
Figure, imshow (K)

09000569960 o GHMOL 259mygnbgds gs3mbLabwyegdol bdsrmmoligeb gobsfdgboso

L=medfilter2(J, [3 3]);
Figure, imshow (L)
H=fspecial(type) - Jdbol obsbfotr goliobeg®mve L3ggonom® 2D gowm@®L h, HmIwolb gsdmbsbgwmgeo
240900yg69ds imfilter gombdzool Mgswobsgoolmgol
H=fspecial(type, parameters)

23990bsbmEgdsbg bor®ol IMINGGds 5©3GHWIM0 BowGMOL odmygbgdoom - Removing noise by
adaptive filtering. 5d0bom30l 453m0ygbgds 3069M0OL oGO, GMIgwog FoMdmoygbl sdswo LobdoMol
BowEOL, GMIgEog 9dgedgds 8mEgdmwo 3odugerol dosdmdo (Bsbxs@sdo) sGLYdIMEO LEGHOLEH03GOOL
99535L905L - Im39899¢00 30dLgEol J0EsTMT0 EWMISEMHO BsTOEML S EOL3YMHLOOL Tgz3sligdsl.

0535¢000:
307353, 33593L 05009 godmbioboyegds

I=imread(‘coins.png’);
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Figure, imshow (I)

©053500mm 3ol Lol HIsMo FgLsdsToLO 35MTgEMOM (56 bbgs bdsw®o)
J=imnoise (I, ‘gaussian’, 0, 0.025);

Figure, imshow(]);

9m350mOHMmom gb bdoyeo 30696MH0L BowGHEMmOL Asdmyqbgdoom

K=wiener2(J, [5 5]);

Figure, imshow(K);

365gBHozmeo Lodwdsm #10

5003965 1: 900580360l Liggliols s9mEbmds Lisbgerols dobgwzom

L50GO 893905 MO 439MOLOYS6: main.html s process.html

main.html do 99394o3L Lobgero s LddoE) VO3B OHMEOLL gb Lobgero yowsgEgds
process.html 34396UL. HmIgero localStorage o bsboemdls, 0v) Bosbmdo Labgeos, godmadal bqbo,
§obosmdgy d9dmbggzsdo bgds Lidglbol domomgds dmdbdsdgderols dogM s localStorage do 9gbobgs.
main.html
<html>
<body>
<form action="process.html" method="get">

<h1 align="center">999mo0@s690 Lobgero</h1>

<p align="center"><input type="text" name="firstname"></p>

<p align="center"><input type="submit" value="Ok"></p>
</form>
</body>
</html>
process.html
<html>
<head>
<script>
var objNames = [];
varfn="";
function indexOf(name)
{

n=-1;

for (i = 0; i < objNames.length; i++)

{

if (objNames[i].firstname == name)
{
n=i

break;

}

return n;
}
function myStart(){
var gender = "v;36md05";
var urlParams = new URLSearchParams(window.location.search);
fn = urlParams.get("firstname");
document.getElementByld("firstname").innerHTML = fn;
var json = localStorage.getItem("names");
if (json == null || json == "null")
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objNames = [{firstname:fn, gender:"=36md0s"}];

}
else
{
objNames = JSON.parse(json);
index = indexOf(fn);
if (index == -1)
{
objNames.push({firstname:fn, gender:"360005"});
}
else
{
gender = objNames[index].gender;
}
}

localStorage.setltem("names", JSON.stringify(objNames));
document.getElementByld("outputGender").innerHTML = gender;

}
function select2()
{
var gender = "3bmd0s";
index = indexOf(fn);
if(document.all.gender[0].checked){
gender = "9506HMd0m0";
}
if(document.all.gender[1].checked){
gender = "00)EOMBOMO";
}
objNames[index].gender = gender;
localStorage.setltem("names", JSON.stringify(objNames));
document.getElementByld("outputGender").innerHTML = gender;
}
function clear2()
{
localStorage.setltem("names", null);
}
</script>
</head>

<body onload="myStart()">

<p id="firstname"></p>

<input type="radio" name="gender">3s3Mmd0mo<br/>

<input type="radio" name="gender">3gMMd0m0<br/>
<input type="button" value="506b0g" onclick="select2()"/>
<input type="button" value="gssl:xms39" onclick="clear2()"/>
<p id="outputGender"></p>

<a href="main.html">w3s6</a>

</body>

</html>

50m3065 2: BoJuGHOL 09353030l YIHS FMEIBMY30IM ds0gliols sEamMomdols
359mygbgdom

44



50m(3965 bLOMMEEgds Python ©s3MmaMsdgdol 9bs%y.

Lo@Y3900L odmymas:
1. def extract_tweet_words(tweet_words):
2 words = []
3 alpha_lower = string.ascii_lowercase
4. alpha_upper = string.ascii_uppercase
5. numbers = [str(n) for n in range(10)]
6 for word in tweet_words:
7 cur_word = "'
8 for ¢ in word:
9 if (c not in alpha_lower) and (c not in alpha_upper) and (c not in numbers):
10. if len(cur_word) >= 2:
11. words.append(cur_word.lower())
12. cur_word = "'
13. continue
14. cur_word += ¢
15. if len(cur_word) >= 2:
16. words.append(cur_word. lower())

17. return words
3030000 GM9bobaol dmbsgdgdo tweet— 0sb.

1. def get tweet training data():

2 f = open('training.txt', 'r')

3 training data = []

4 for 1 in f.readlines():

5. 1 = 1.strip()

6 tweet _details = 1l.split()

7 tweet_id = tweet_details[0]

8 tweet_label = tweet_details[1]

9. tweet_words = extract words(tweet details[2:])
10. training_data.append([tweet_id, tweet label, tweet words])
11. f.close()

12. return training data

3030000 LoGgbEm dmbs3gdgdo, domo Jesbogogo®mgdols doBboom

1. def get tweet test data():

2 f = open('test.txt', 'r'")

3 validation_data = []

4. for 1 in f.readlines():

5. 1 = 1.strip()

6 tweet_details = 1l.split(' ')

7 tweet_id = tweet _details[9]

8 tweet_words = extract_words(tweet _details[1:])

9. validation_data.append([tweet_id, '', tweet_words])
10.
11. f.close()
12.
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13. return validation_data

9030000 LoGY3900L Los BHMmY6ObAOL dmbsogdgddo.

1. def get_words(training_data):
2. words = []

3. for data in training_data:
4 words.extend(data[2])
5 return list(set(words))

30300000 0000MJ0 BOEY30L 5¢ds0Mds tweet— ol GMgbobyol dmbsi3999ddo.

1. def get_tweet_word_prob(training_data, label = None):
2 words = get_words(training_data)

3 freq = {}

4

5. for word in words:

6 freq[word] = 1

7

8 total_count = @

9. for data in training_data:

10. if data[l1] == label or label == None:
11. total count += len(data[2])

12. for word in data[2]:

13. freq[word] += 1

14.

15. prob = {}

16. for word in freq.keys():

17. prob[word] = freq[word]*1.0/total_count
18.

19. return prob

3030000 3390490 05MHEIOYOL SEBSCMDS.

1. def get tweet label count(training data, label):
2 count = @

3 total_count = ©

4, for data in training_data:
5 total_count += 1

6 if data[l] == label:

7 count += 1

8 return count*1.0/total_count

2459m3099bmo Naive Bayes dmgaro, OHmamta s0fig®oeos Jggdmom.

1. def label tweet data(test_data, sports_word prob, politics_word_prob, sports prob
, politics_prob):
labels = []
for data in test_data:
data_prob_sports = sports_prob
data_prob_politics = politics_prob

A v b WN
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7. for word in data[2]:

8. if word in sports_word_prob:

9. data_prob_sports *= sports_word_prob[word]

10. data_prob_politics *= politics_word_prob[word]

11. else:

12. continue

13.

14. if data_prob_sports >= data_prob_politics:

15. labels.append([data[@], 'Sports', data_prob_sports, data_prob_politic
s1)

16. else:

17. labels.append([data[@], 'Politics', data_prob_sports, data_prob_polit
ics])

18.

19. return labels

0350930M» 93039&0560 96 35393MH0BoMGdMEo BHgbEol dmbsizgdgdo
def print_labelled data(labels):
f out = open('test_labelled output.txt', 'w')
for [tweet_id, label, prob_sports, prob_politics] in labels:

1
2
3.
4. f out.write('%s %s\n' % (tweet_id, label))
5
6
7

f out.close()

§9303000bmo EHM960ba0Ls s BHgbEHOL Imbsggdgdo

1. training data = get_ tweet_training data()
2. test _data = get tweet test data()

3030000 4390 LoEY30L SEBSCMDS

1. word_prob = get tweet word prob(training data)
2. sports_word prob = get tweet word prob(training data, 'Sports')
3. politics_word prob = get tweet word prob(training data, 'Politics')

3030000 M0MMGM0 GEHOIIGOL SEVSMNMBDS.

1. sports _prob = get tweet label count(training data, 'Sports')
2. politics prob = get tweet label count(training data, 'Politics')

B6HIooHgds Lodyzgdolbmgob.

1. for (word, prob) in word prob.items():
2. sports_word _prob[word] /= prob
3. politics_word_prob[word] /= prob

A9LAHOL Fmbogdgdol 9&H039BH0MJOS s VOYFWO3S.

1. test_labels = label tweet_data(test data, sports_word prob, politics_word_prob, s

ports _prob, politics_prob)

47



2. print_labelled_data(test_labels)

6933960709000 oYM XNOS:

1. bgwmzbm®mo 0b@gergd@ol ©gds6@sdgb@o, bgwmaba®o 0bGgwgd@o. 2018; CD-4208;
2. Jussi Tohka. Introduction to Pattern Recognition. 2013. (CD - 2891)
Graham Kendall, Artificial Neural Network (manual) - 2016; CD - 4208

3. Stuart Russel, Peter Norwig, Artificial Intelligence: A Modern Approach (3th Edition), Pearson Education
Limited, 2014.
4. Bernard Marr, “Artificial Intelligence in Practice”, Wiley, 2019

239005935 §oMm3mgdal 12.11.2020. bgerdmfig®oeos ©absdgFs 20.11.2020.
gbyGHWO0 Jowowol Bmds 60X84 1/16. 306HMdOMO Bsd9FO Modbo 3. GoMsgo 50 gad.

bE¥Y-b LIT 3MBLoeEGObYOL Ladgsboghm 3gbE&mO™,
300bo, 9.30L@3L 77
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