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30gdLgms 6535000l 59m3bMdS s dolo gEsMgdOmO 3b5¢OBO
B5996gdmem 3530156 s (39¢ 39 0bggJugdmsb

50 dMmEGM939wody, Mm9baoD dob@Eodg
L5JoOMNZ9 ML G9gdb039Mm0 MbozxMLoE GO
69bomdg

9564560 slifogams 900l 09bsdgMM3zg s FoMBH030, Boa®ed  IMMI5EH)39©O
A996mmy0s, HMIG0E VOO ODBMEIdS S 3MEIXEIJdS AbMmBom. s0lsbodbsgo 3o
ol goJBos, OMI SMOBYOIMOL  FMOZoO BB, OMIGOOL  4odmyabgds s  FMbIsMYOS
99L5d9gdg0s 30650 JoBbgdOLM30L. BEG0sdo bbowmos B3gbl BogH 89dvds39dero
356030 5EMOO0MIJO0, OGS 15FwY5EGO0MSGF SQOIOWSE B MB0YJBHJOOL 5TM3EMdS
©5 99056930905 ol 30JugeE 5IMEbMBSLM. Fosmo d9dz9MdO® NBOM 0MEIEGdS ST
139OHMIo IM35(gMds, MYD TglodEgdguos sMLGdIMWO 3MMYMITMWo MHBOHNMBlgEYmzsoL
3963000060905 5 FgLodsdolo  BwY6J30MbsEOl  sTsEHYds, MM MBOM VOMJOIMWO S
3990yg9gbgd0mo AobgL B39 gdM030 M) A9FM(3EOE0 JMmdbBASMJOWOLMZ0L.

1533960 Lo@yzgdo: 8s67obwMmo  obfags. ™d0gdBHgdoL smEbmds.  3MHMAMSTEO
9vOIEgIwymBs. bywmgby®o 0bdawaldo:

1. 3qlsgs¢mo

b MBOM O MBROM 5GP )M bgds J5bJsbmEmo Loz gdol LEgOM, Mo A93wgbsls
5bgbl B396L ym39wMon® 3bmzmgdsby. mobsdg®mmgzg GH9dbmemyogdo 339 0dwrg3zs

bwmgzbmMo 0b@gwgdBHol 99dabols Lodmogdsl. bgwrmgbmdo bgodOmbmwo  Jugagdol
d9039md0»  5M0gMHMO  Fobgdobs  goMs04dbs  FMIBOHMzbg  Tmfigmdormds. sbws 339

d9L5d9g0gE05 1O3MMIMO MMIMEOL Yy, HMIYEOE R39HToMGdS Lbgoolbgs sdmEsbol
3oJLoToMHO  9xB9JBHWIOMO0m JguMMEgdsdo, M3 Fomo M35 RIOM369d0L BOHILMO
JOMNIQO OOMNOPEY 535EJOL dom LobgMdYOL.

9439ws 65350080 B Mmd0gIEBHOL 30DMO0BsE0s 99Mbmds KITTI aq6mdsbwyero
M62560D300L BogM5dMOOLM b EPbIMEHIOL, HMBIo s8I 3gMHTBOOL oMLKl
&9Jommyomed  mboggdlo@gBdo 2011 ferol Bosgbmerdo [1]. 030 ImoEsgL  IMO35¢0
dg3bogMol  Bsdmmdms  3M9gdegdl,  MHMYMOPPOESS  9WOBMMBoOL  (Bgdbmermyom™o
©6039ML0EIGHOL Fmbo399900Ls s S3BEGHMOOL FMSEOL  Bgdbmemaommo MBogzgdloGgGoL
9mbs(390900L  499MmM0sbgds  [2,3].  Fomo  godmfgMs,  390mygbgds  @s  293M3EIWgdS
690550005 5 LORIOMS 439esbmz0l. 0go LogLgdom Bs3dsMOBOS BN IMHO BMdol
3699dBHol oLsfYgds. LGHsG0sdo AsBboWw o B39l Joge 998853900 SEFMOHOMIGOO
30 §o6H3m59bL bgdmo bligbgdeo segm®m0magdoL 4963005090 356056EL, HMAgdo;s
3063093 Lodvegosdo  dg@o  LHOsxs  3vdomdl, 30650006  98mygbgdemos
0565990060Hm39  doamdgdo, MoLo  LsdMewgdomssg  d9BHo©  boMolbosbs  53vdsgzgdls
dmbs(399900.
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2. doM0mso bsfjoero

90539500 535055 29635Ub393MmmM MB0YJBHO  95MO09IEOLYSD 93 BOBOM:™Y3900L

39909969000 Im30Y356Mmm LSOOl obsMOLbgdOL Fymdols dsgowomo:
def extract_features(imgs, color_type='RGB', main_size=(64, 64),
hist_bins=64, orient=9,
cell pixel=8, cell_block=2, hog channel=0,
spatial_feat=True, hist_feat=True, hog_feat=True):
for file in imgs:
file_features = []
image = mpimg.imread(file)
if color_type != 'RGB':
if color_type == 'HSV':
pixel object = cv2.cvtColor(image, cv2.COLOR_RGB2HSV)

elif color_type == 'LUV':

pixel object = cv2.cvtColor(image, cv2.COLOR_RGB2LUV)
elif color_type == 'HLS':

pixel object = cv2.cvtColor(image, cv2.COLOR_RGB2HLS)
elif color_type == 'YUV':

pixel object = cv2.cvtColor(image, cv2.COLOR_RGB2YUV)
elif color_type == 'YCrCb':

pixel object = cv2.cvtColor(image, cv2.COLOR_RGB2YCrCb)
else: pixel object = np.copy(image)

if spatial_feat == True:
spatial features = bin_spatial(pixel object, size=main_size)
file features.append(spatial_ features)
if hist_feat == True:
hist features = color_hist(pixel object, nbins=hist_ bins)
file features.append(hist_ features)
if hog_feat == True:
if hog_channel == 'ALL':
hog_features = []
for channel in range(pixel_object.shape[2]):

hog_features.append(get_hog features(pixel object[:,:,channel],
orient, cell pixel, cell block,
vis=False, feature_vec=True))
hog_features = np.ravel(hog features)
else:
hog_features = get_hog features(pixel object[:,:,hog_channel], orient,
cell pixel, cell block, vis=False, feature_vec=True)

file features.append(hog features)
features.append(np.concatenate(file features))
return features

def get_hog features(img, orient, cell pixel, cell block,
vis=False, feature_vec=True):
if vis == True:
features, hog _image = hog(img, orientations=orient,
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pixels_per_cell=(cell_pixel, cell_pixel),
cells_per_block=(cell_block, cell_block),
transform_sqrt=False,
visualise=vis, feature_vector=feature_vec)
return features, hog_image
else:
features = hog(img, orientations=orient,
pixels_per_cell=(cell pixel, cell_pixel),
cells_per_block=(cell_block, cell_block),
transform_sqrt=False,
visualise=vis, feature_vector=feature_vec)
return features

def bin_spatial(img, size=(64, 64)):
colorl = cv2.resize(img[:,:,0], size).ravel()
color2 = cv2.resize(img[:,:,1], size).ravel()
color3 = cv2.resize(img[:,:,2], size).ravel()
return np.hstack((colorl, color2, color3))

def color_hist(img, nbins=64):

channell_hist = np.histogram(img[:,:,0], bins=nbins)

channel2_hist = np.histogram(img[:,:,1], bins=nbins)

channel3 hist = np.histogram(img[:,:,2], bins=nbins)

hist features = np.concatenate((channell hist[@], channel2 hist[@],
channel3 hist[0]))

return hist_features

begom dmbsgdgdols $9300b30LmM30L s OIMYOOLMZOL M990 235d3L 3MOb
39000930 B6M2963)0:

images = glob.glob('img.png')
objl = []

notobjl = []

all objl = [

]
all notobjl = []
for image in images:
if 'nonvehicle' in image:
all notobjl.append(image)
else:
all objl.append(image)
for ix, notcar in enumerate(all notobijl):
if ix % 5 == @:
notobjl.append(notcar)

for ix,objcetlin enumerate(all_objl):
if ix % 5 == @:
objl.append(car)

car_image = mpimg.imread(objl1[5])
notcar_image = mpimg.imread(notobji[e@])
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def compare_images(imagel, image2, imagel_exp="Image 1", image2_exp="Image 2"):
f, (ax1, ax2) = plt.subplots(1l, 2, figsize=(6, 3))
f.tight_layout()
ax1.imshow(imagel)
axl.set_title(imagel_exp, fontsize=20)
ax2.imshow(image2)
ax2.set_title(image2_exp, fontsize=20)
plt.subplots_adjust(left=0., right=1, top=0.9, bottom=0.)

compare_images(car_image, notcar_image, "Car", "Not Car")

9900930: 36MHMaE535L F9mde0s 3obslibzs3mb Mmd0gdBHO 56S Md0YIE0LS.
030L5m30L, MM Es3MHIMbYm, Tlsdsdolo MBOYIE0S MY 56, bs FgzoLHogermm
dolo dobsliosmgdwgd0o, MoE ImEg0vwos 3mEob 9999y BModIbEHBY:
color_space = 'YUV'
orient = 7 pix _per_cell = 8
block_cell = 2
hog_channel = "ALL"
spatial_size = (64, 64)
hist_bins = 64 spatial_feat = True
hist_feat = True hog_feat = True
converted car_image = cv2.cvtColor(car_image, cv2.COLOR_RGB2YUV)
car_chl = converted_car_image[:,:,0]
car_ch2 = converted_car_image[:,:,1]
car_ch3 = converted_car_image[:,:,2]

converted notcar_image = cv2.cvtColor(notcar_image, cv2.COLOR_RGB2YUV)
notcar_chl = converted_notcar_image[:,:,0]
notcar_ch2 = converted_notcar_image[:,:,1]
notcar_ch3 = converted_notcar_image[:,:,2]

car_hog_feature, car_hog image = get_hog features(car_chi,
orient, pix_per_cell, block_cell,
vis=True, feature_vec=True)

notcar_hog feature, notcar_hog image = get hog features(notcar_chil,
orient, pix_per_cell, block_cell,
vis=True, feature_vec=True)

car_chl features = cv2.resize(car_chl, spatial size)
car_ch2_features = cv2.resize(car_ch2, spatial size)
car_ch3_features = cv2.resize(car_ch3, spatial size)
notcar_chl features = cv2.resize(notcar_chl, spatial size)
notcar_ch2_ features = cv2.resize(notcar_ch2, spatial size)
notcar_ch3 features = cv2.resize(notcar_ch3, spatial size)

def show_images(imagel, image2, image3, imaged4, imagel exp="Image 1",
image2_exp="Image 2", image3_exp="Image 3", imaged exp="Image 4"):
f, (ax1, ax2, ax3, ax4) = plt.subplots(l, 4, figsize=(24, 9))
f.tight_layout()
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ax1l.imshow(imagel)

axl.set_title(imagel_exp, fontsize=20)

ax2.imshow(image2)

ax2.set_title(image2_exp, fontsize=20)

ax3.imshow(image3)

ax3.set_title(image3_exp, fontsize=20)

ax4.imshow(image4)

ax4.set_title(image4_exp, fontsize=20)
plt.subplots_adjust(left=0., right=1, top=0.9, bottom=0.)

show_images(car_chl, car_hog_image, notcar_chl, notcar_hog image, "Car ch 1", "Car
ch 1 HOG", "Not Car ch 1", "Not Car ch 1 HOG")

show_images(car_chl, car_chl_features, notcar_chl, notcar_chl_features, "Car ch
1", "Car ch 1 features"”, "Not Car ch 1", "Not Car ch 1 features")
show_images(car_ch2, car_ch2_features, notcar_ch2, notcar_ch2_features, "Car ch
2", "Car ch 2 features"”, "Not Car ch 2", "Not Car ch 2 features")
show_images(car_ch3, car_ch3_features, notcar_ch3, notcar_ch3 features, "Car ch
3", "Car ch 3 features"”, "Not Car ch 3", "Not Car ch 3 features")

9699 3009000 M09V s 3900 ol T9Fo969w Bofogdo© — 35GHMgd™ Lbgoolibgs
RBOWEM0L 4399, 35330MIV0 O J9IMAZ5d3L OLZZBs. 9350 @39bToMGds  LMSMYdOL

05318539000 396900 Bmdol 89330l BmbJos — 30093 MdOIIAL S FoLWRMSZGOM
ol BgdgBHo 9wgdgbBgdoLsh, 96 35dwg30m 1339, Moms TJMgds dmbgl

9oJLbooHO LOBNMLEHO .

OmEd 8mbs399900 godbBsgdMmo s LOHEYMBOos, F9330dw0s ©s30fymo hggbo
bgrm3bmmo  06@gwgdBHol oG gbobygds. Im3094356mm 53 IMMEILOL  3mEOoL  derMm3zoL
3020 0MO:
car_features = extract_features(objl, color_space=color_space,

spatial_size=spatial _size, hist_bins=hist_bins,
orient=orient, pix_per_cell=pix_per _cell,
block_cell=block_cell,
hog_channel=hog_channel, spatial feat=spatial_feat,
hist feat=hist feat, hog_ feat=hog feat)
notcar_features = extract_features(notobjl, color_space=color_space,
spatial_size=spatial size, hist_bins=hist_bins,
orient=orient, pix_per_cell=pix_per cell,
block_cell=block_cell,
hog_channel=hog_channel, spatial feat=spatial_ feat,
hist feat=hist feat, hog feat=hog feat)

X = np.vstack((car_features, notcar_features)).astype(np.float64)
X_scaler = StandardScaler().fit(X)
scaled X = X _scaler.transform(X)

y = np.hstack((np.ones(len(car_features)), np.zeros(len(notcar_ features))))

rand_state = np.random.randint(o, 100)
X_train, X _test, y train, y test = train_test split(
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scaled_X, y, test_size=0.2, random_state=rand_state)

print('Using:',orient, 'orientations',pix_per cell,
'pixels per cell and', block_cell, 'cells per block')
print('Feature vector length:', len(X_train[@]))
svc = LinearsSVvcC()
t=time.time()
svc.fit(X_train, y_train)
t2 = time.time()
print(round(t2-t, 2), 'Seconds to train SVC...")
print('Test Accuracy of SVC = ', round(svc.score(X_test, y_test), 4))
t=time.time()

5@0mM0mdol JoMH0MSEO 30063030 JEAMBsMgMdL dgd9ado — dgdmdsgso mdogdGo
LOCOMOIMP  IMJOS  FMbo3gdms BBl s  AO0BIdS  MOMMYMEMSE  AbYogLYdOL

3M98B030906GH0. MMl 003¢gds 53 Y39 3MIBROG0JOEHOL LodwswrMm SHOMIYE0IMWO, Mo
560l 59m3560L BsdMEW MM 3sbvbo — 3MMEI6GMWo 898350:EId0m0 0IBEGHMOMdS Lsdogdm
009JEGHob J0do6r100.

GMGIN0 OMMEEYds 5dM3Esbs, OMEs Md0gdEBHOL 58mEbmds 4306 Mo LYIMIC0EIB,
565090 309MSD. FoaE00 MOF 50 3OMOWYIOL  JoOY39Bsd MHMYYWO. 30IM  SMOL
bM509d0L 5535000. 5 LoFoOMS FMAMSZ30 MBOYIEOL 5FMEbMDS, Modor 339bTocMgds G990

3MQO:
from scipy.ndimage.measurements import label

def add_heat(heatmap, bbox list):
for box in bbox_list:
heatmap[box[0][1]:box[1][1], box[@][@]:box[1][@]] += 1
return heatmap
def apply threshold(heatmap, threshold):
heatmap[heatmap <= threshold] = @
return heatmap
def draw_labeled bboxes(img, labels):
for car_number in range(l, labels[1]+1):
nonzero = (labels[@] == car_number).nonzero()

nonzeroy = np.array(nonzero[0])
nonzerox = np.array(nonzero[1])
bbox = ((np.min(nonzerox), np.min(nonzeroy)), (np.max(nonzerox),
np.max(nonzeroy)))
cv2.rectangle(img, bbox[@], bbox[1], (0,0,255), 6)
return img

heat
heat

np.zeros_like(output_image[:,:,0]).astype(np.float)
add_heat(heat, bboxes)

threshold = 1
heat = apply threshold(heat, threshold)
heatmap = np.clip(heat, 0, 255)
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labels = label(heatmap)
draw_img = draw_labeled_bboxes(np.copy(image), labels)

def show_images(imagel, image2, imagel_exp="Image 1", image2_exp="Image 2"):

f, (axl, ax2) = plt.subplots(1l, 2, figsize=(24, 9))

f.tight_layout()

ax1.imshow(imagel)

axl.set_title(imagel_exp, fontsize=20)

ax2.imshow(image2, cmap="hot")

ax2.set_title(image2_exp, fontsize=20)

plt.subplots_adjust(left=0., right=1, top=0.9, bottom=0.)
show_images(output_image, heatmap, "Car Positions", "Result")

M9 © M950ddo Jobo 9990 3odm0yrMgds 90 absoMo:

3099690 LOMBME 9x3gIBL, O3 990030 gdL 5M3560L A5IFY39ESL. dolo d9dzgmdOm
d9L5degdgE0s BgdOLJOYMHO 30YM b535000IL FMIMOZ0 MdOYJEHIOOL FIOS [4].

39900920, M3 MBS 39353900Mmm, GOl ymzgwo GdbgzgMo BMogdgbEHol sdmEgds ©o
B396 8mbo3980s B5BILIMD IIMGDS.

Bg9bo  seramMomdom  ™md09gd@BHol  s9mEbmdol  LobMLEg MBOM  OEOs  30MY

L3ObIOEHMWO 5EIYMOHOMNIJOOM, MO0 AOBORIOIWIG YIROM HMIE0S S MBOM Bgwss
3m0omdL.

d9mey 356056330  md0gdBHJdoL  FgsMgds  bgds  3m63MGHME  3odlgargdby
©OYMHEbMBOm @5 FgLododobs  Mmd0GJBHIOOL  s8mibmds bgds FgMgdol  3m3dObsEGooL
&6599BHMM00L Lo sgdom.

1-9wo bLYOsM0Es6 BgMOL 58MMgds Bgds F98YA05065©: 53WI30MZIISQ 302JID
LEBomMol 300YgO0L X O Y 3MMMEO0bsEJOL DmBol ILAIB®. 30§ygdm M30WGgLo Xi]
30g4L9gol 58cgdsL s T9EMYOL L3S 30J3gEmsb, sGLGdML 30bsbogzm s 3odugan-3odlgar
3b5Bog3m Bobo(33¢0g0e Mmd0gIBL.

(x i] Elements Console Sources Network  Performance  Memory  Applicati

<html>
» <head>..</head>
¥ <body>

canvas id-"myCanvas" width-"578" height-"400"> == %0
P ¢scriptr.</script>

Tlan A,

Bab.1
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function repainin() {
var el2 = document.getElementByld('viewport2');
var el = document.getElementByld('viewport'),
context = el.getContext('2d"),
context?2 = el2.getContext('2d"),
width = el.width,
height = el height,
imageDataZ2,
imageData,
pixels,i=0,
Xy;

LEBSMOEsD  $3MPIOMwo  30dlgwo  LIdMEWMME  osEOL  string  BmMIsGdo.
LoLHOsgobmzol  3sbgb 4 3oglgol  JOPEOMME  STMOGIL s BIBsE33EYOSU.
39830bs6g 0Josb, MM MoMOMYMEo RgMo HoMmdmowyqbl Hoomwob, 3560l s By ols
3003065300, LUYMH5070b FJMOL 5TMYdS bgds d9dgabsoMo:

for (i = 0; i < pi.length; i+=4) {
pi[i] = 255 - pi[i];
// BB L3gdBMoL 306390 0bgdlo
pi[i + 1] =255 - pi[i + 1];
// B9B5 L3gd@BMol Igmeg 0bogduo
pi[i + 2] = 255 - pi[i + 2];
1839005 L3gdBHob dgbsdy 0bgdlo
context.putlmageData(imageData, 0, 0);

3. 3336

LodmErmem x5930 Mmd09dGHJd0L $8mEbmds 30dlgw e MbyBY oOUL, ogMsd 30bs0b
@5 5053 Ym39gwmzol sMss LsFoMOm dobo  30dugEIMo  QoMEsddbs, sdmEIBowL
3959m30bsMg 89330005 Bs3565333™Mm 0L 339 SOLGOEPO MBOIYIEJOOm, B33 9MgdOL
©mbgBg Lol 343005MFGH0390L. o™ 3Mb3OgEH™ME  LoE¥s30gdd0, MMmEILsE 05Bsdo
56OLJOMEo Imbo399900 o6 SM0L B3sMOLO, F5d0b LoFoOmm bgds ™MdOgdEOL s8mEbmds
30gdLge® Mbyby s sBs 339 LoFoOMs LML GHMgdBHMMO0L gobloBOIMS s
d9L505d0L0 F9BHYMI0bGBOL A5TMBEH6s. s0Lsb0T6s305, GMT OHMOL GBodBm®mo Ib0d3zbgem356
Ol SLOWEgdl dmbo3gdgool sdw)dsggdolsl, gobbowrve dgmmgddo 30 ©w)dsgzgdols
LoLGSEY 2oIxMdJLYPOMWOos. 3B0JOMdM, GMI LEHG0sdo gsdmyqbgdeo B3z9bL dog
390999539090 5aMmMH003gO0 o535 FH0390L Md0YJEHJOOL 58MEbMdIL s dgdow dmdbols
3ob0ol JgLod530l 3MIMAESTSL 3MB3MYEIE0 53M(356900L gooHY39EHOLSL.
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IDENTIFY THE FLOW OF PIXELS AND ITS COMPARATIVE ANALYSIS
WITH THE DATABASE AND INDIVIDUAL INDEXES

Modrekelidze Dali, Bakhtadze Tengiz

Georgian Technical University
Summary

Machine learning is a modern and simple, but compromised technology that grows
and spreads around the world. It is noteworthy that there are many databases that can be
used and implemented for personal purposes. The article discusses simple algorithms that
can easily identify objects and compare them with the recognition of pixels. Because of this,
they are more likely to work in this area, as they can develop existing software and add

related features to make it more valuable and useful to ordinary or experienced users.

PACITO3HABAHUE ITOTOKA ITUKCEJIEN Y ETO CPABHUTEJIBHBI AHAJIU3 CO
BCTPOEHHOW BA30M U UHAWUBU Y AJIbHBIMU UHJIEKCAMU

Mogpexenuaze /., baxranze T.

I'pysunckuit Texuuveckuit Y HuBepcurer
Pesiome

MamusHOe OOydueHMe - 3TO COBpeMeHHas M IIPOCTas, HO CKOMIIPOMETHPOBaHHAS
TeXHOJIOTHs, KOTOpas pacTeT M PacIpoCTpaHAeTCsA 1o BceMy Mupy. IlpumedarenbHo, 4TO
CyIeCTBYeT MHOXXeCTBO 0a3 [JAHHBIX, KOTOpble MOXXHO HCIIOJIB30BaTh M IPUMEHATH B
JIUYHBIX LeJAX. B cTaThe paccMaTpuBalOTCA IIPOCTHIE JITOPUTMBI, KOTOPble MOTYT JIETKO
UeHTU(GUIMPOBAaTh OOBEKTHI M CPAaBHUTh UX C PacIO3HaBaHWEM IuKcesneil. Biaromaps
9TOMYy OHM C OoJblIeii BepOATHOCTBIO OyZyT paboTaTh B 3TOH 06JIACTH, IIOCKOIBKY OHHU
MOTYT pa3pabaTeIBaTh CYIIECTBYIOIlee IIPOTPAaMMHOe obeclledeHWe U J0OABIATH
COOTBETCTByIOIIMe (YHKIMH, YTOOBI CHeIaTh ero 0Oojee IEHHBIM M IIOJI€3HBIM [JIf

OOBIYHBIX MJIN OIBITHBIX II0JIb30BaTEIeH.
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