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1 VYBona

Y oBom pajiy he OuTm ommcana peasjuzalyja CHUCTEMa 3a JIETEKIUjy KapaTa 3a HUrpy.
Buhe objammena nmpunpema cinKa HaJl KOjUMa ce TPEHUPaA BEIITAvYKa HEYPOHCKA MPEXKa,
na4duH pajga YOLO anropurMma, mocTymmak TpeHHpamba BElITadKe HEYPOHCKE MPEeXKe 1 HATHMH
[IOKPeTarma CUCTEMA.

CBaka KapTa je CHUMJbEHA M0/l Pa3JIUIUTUM OCBET/bEHEM y KPATKOM BHUJIEY U3 KOra Ce
nobujajy ciauke; JgeduHHCaHa je IO3UIMUja 3HaKa M Opoja KapTe, Ila ce HACYMUYHUM
MTO3UITMOHUPAHLEM KapTe MPEeKO HACYMUYHO m3abpaHe 03 IMHe TeHEPHUIe CKYIT CJUKa HaJl
KOjIMa Ce BPIIU TPEHUpATbe.

Tpenupare HaJl cinKama je u3Bpineno kopuihemem Darknet mporpamckor oksupa 3a
BEIITAYKe HEYPOHCKEe Mpexke W omoryhasa JleTeKIujy HaJ[ CJIUKOM, BHJIEOM U Y PEaHOM
BpPEMEHY Ca KaMepe.

[IpojekaT ce Moke TmocMaTpaTu Kao IPBU KOpPaK y IPaB/beiby KapTalllKe Ur'pe Koja je
10T KOHTPOJIOM padyHapa. Padynap 6u KopunihemeM OBOI' CHCTEMA JIETEKTOBAO KapTe, a y
JIDYTOM KOpakKy Ou, IIpU CBAKO]j JIETEKIINjH, OJIPE/IN0 KOju Urpad je Ty KapTy oaurpao. Wrpa
O yK/byuHMBaJia YeTUPHU UI'pada U CBAKU OU OMO HPUIAPYKEH CTPAHUIM CJIUKE Cca Kamepe.
[To nerekToBamy KapTe, OJpe/inyio OU ce ca Koje CTpaHe je yIja pyKa urpada y Kajap u
meMy Om Outa j0/ie/beHa JeTEKTOBAHA KapTa.

YOLO anropuram je moryhe mpumenunTu 3a JeTeKImjy OWI0 Kojux objekara W OBHUM
IIPOjEKTOM ce TI0Ka3yje ,IyT’ oJ CHUMKa 00jeKTa J0 Iporpama KOju ra JEeTeKTyje Y MOTIIYHO
JIpDYTadujuM YCJIOBHUMA W y CTalby je Jia TO ypaJii HEBEPOBATHO OP30, YaK Yy pPeasHOM
BPEMEHY.



2 Ilpunpema TpeHHWHT CKyma

lenepucame ciimKa 3a TpeHHpame je peajan30BaHO KopumihemeMm Jupyter csecke
creating_playing_cards_dataset.ipynb, koja ce manasum y GitHub penosuropujymy,
HaBeJIeHOM y Jireparypu [1].

2.1 lobujarme camka w3 BHUea

Craka Kapra je cHUMJbeHa TpuOIMAKHO 20 CeKyH/IU 0T Pa3IuIUTUM OCBeT/berbeM. I3
CBaKOT' CHUMKA je TIOTPeOHO U3/IBOjUTH caMO KapTy M CadyBaTH CBe CJIUKE Kao .png JTaTOTEKe.
[Iporpam renpurnie oko 100 ciuka Kapata 10 BHJEY.

[IpBo, oTpebHO je nHampaBuTu Mab/I0H Tj. IPABOYTAOHUK, KOjU he UMaTH OJHOC JTy2KUHA
CTpaHWIla UCTH Kao M Kapra KopuimheHor mmmia. llomro cy y mpBoj hemuju” (cermenty
KoJla) Jupyter cBecke neduHucaHe JTyKUHA U IMUpUHA (Mm) KapTe ofrosapajyher mmmia,
JMHUjaMa Koja cardW=56 u cardH=86 (csmka 2), Tako ce ciejelinM KojoM mpaBu MmabJIoH
(macka):

bord_size=2 # bord_size alpha=0
alphamask=np.ones((cardH, cardW) ,dtype=np.uint8)*255
cv2.rectangle(alphamask, (0,0), (cardW-1,cardH-1),0,bord_size)
cv2.line(alphamask, (bord_size*3,0), (0,bord_sizex*3),0,bord_size)
cv2.line(alphamask, (cardW-bord_size*3,0), (cardW,bord_sizex*3),0,bord_size)
cv2.line(alphamask, (0,cardH-bord_size*3), (bord_size*3,cardH),0,bord_size)
cv2.line(alphamask, (cardW-bord_size*3,cardH),
(cardW,cardH-bord_sizex*3),0,bord_size)
plt.figure(figsize=(10,10))
plt.imshow(alphamask)

Heomnxoiao je 1a kapra Oyie jacHO u3JBOjeHA OJ TO3ajuHe, y3umajyhu y ob3up u
hotkoBe Koju Cy 3aKPUBJ/bEHU; T1a CE€ IMOCJIE€ CTBApamba IMPABOyTraoHUKa, MO3UBOM (DYHKIIH]je
cv2.rectangle(), npta u cBaku of homkoBa dyHKIuIjoM cv2.line().



N3BpmmaBameM jesa Kojla, HaBeJeHOT U3Ha/l, ce IpUKa3yje ONMCaHu TPaBOYyTaOHUK, Kao
Ha cauny 1.
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Cnuka 1: [Tlabsion 3a u3/1Bajambe KapTe ca CHIMKA

Cana ce pedbunurie dbynxnuja extract_card(), koja m3znBaja KapTy u3 mpociehemne
ciuke. Ha meHoM 1OYeTKy ce BpIIM IpoBepa 3aMyherma CJIMKe TO3UBOM (DYHKIH]je
varianceOfLaplacian(), «koja Bpaha Bapujancy JlamnacoBe dyHKIMje TTO3UBOM
cv2.Laplacian(img,cv2.CV_64F) .var(). JacHa cimka Om Tpebajo ja HMa BHCOKY
BapujaHcy [2]. V HapeIHOM KOpaky ce CJIMKa IperBapa y IPHO-0eTy ca U HaJi BhOM I03UBa
nekoJinko dunrepa. [lozuBom cv2.bilateralFilter() ce cmambyje IIyM Ha CJIUIUA U OBA]
dbuTep He yTude Ha uBHIe (Ipease) Ha CJAUIN; HAKOH TOTa Ce U3/Bajajy MBHIE Ca CJIUKE
nosuBoM cv2.Canny (). Ilocie m3Bpmennx dunrpupama, nmoTpebHO je Halim KOHType Ha
CIUIM  KOjy MO Jobmin (ca HaIJIAlleHWM —WBUIAMa) W TO Ce U3BpIIaBa ca
cv2.findContours (), rje KOHTypa IpecTaB/ba KPUBY KOja Cllaja CBe TadKe JIyzK I'DaHUIIE,
ucre 6oje u unrensurera [3]. TIpermocrasbeno je ga majseha mpernosnara KOHTYpa
[IPEJICTaB/ba KapTy, I1a ce OHa JI00uja COPTUPAEM CBUX M3/IBOjEHUX KOHTYpa y omajajyhem
perociiey U u3/BajambeM npBe u3 Jucrte. llpoepaBa ce ja s je jjo0ujeHa KOHTYpPa
[IpaBOyTaoOHOr OOJIMKA, TaKO IITO Ce WU3BPINA OJIHOC TOBPINUHA KOHTYpEe U HajMAarber
[IPABOYTaOHUKA KOJU je OKPYXKYyje M YKOJHMKO Cy BPEIHOCTH HPUOJIMKHE, MTPOMEH/bUBA
valid uma Bpegnoct True.

VKoJIMKO je yrBpheHo Ja je mpoHalena KOHTypa [PaBOYTAOHUK, YKEJIMMO Jia [IPETBOPUMO
[IPOCTOP YHYTap KOHTYpPE Y NMPaBOyTaOHUK JIUMEH3Uja KapTe U3 KOPHUITheHOr TIInIa.

def varianceOfLaplacian(img):
return cv2.Laplacian(img, cv2.CV_64F) .var()



def extract_card (img, output_fn=None, min_focus=120, debug=False):
imgwarp=None
# Check the image %s not too blurry
focus=varianceOfLaplacian(img)
if focus < min_focus:
if debug: print("Focus too low :", focus)
return False,None

# Convert imn gray color
gray = cv2.cvtColor(img,cv2.COLOR_BGR2GRAY)

# Noise-reducing and edge-preserving filter
gray=cv2.bilateralFilter(gray,11,17,17)

# Edge extraction
edge=cv2.Canny(gray,30,200)

# Find the contours in the edged image
cnts, _ = cv2.findContours(edge.copy(), cv2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_SIMPLE) #_,cnts, _ = cv2.
# We suppose that the contour with largest area corresponds
#to the contour delimiting the card
cnt = sorted(cnts, key = cv2.contourArea, reverse = True) [0]

# We want to check that ’cnt’ ts the contour of a rectangular shape

# First, determine ’boxz’, the minimum area bounding rectangle of ’cnt’
# Then compare area of ’cnt’ and area of ’boz’

# Both areas sould be very close

rect=cv2.minAreaRect (cnt)

box=cv2.boxPoints(rect)

box=np.int0(box)

areaCnt=cv2.contourArea(cnt)

areaBox=cv2.contourArea(box)

valid=areaCnt/areaBox>0.95

if valid:
# We want transform the zone inside the contour into
#the reference rectangle of dimensions (cardW,cardH)
((xr,yr), (wr,hr) ,thetar)=rect
# Determine ’Mp’ the transformation that transforms
#’box’ into the reference rectangle
if wr>hr:
Mp=cv2.getPerspectiveTransform(np.float32(box) ,refCard)
else:
Mp=cv2.getPerspectiveTransform(np.float32(box) ,refCardRot)
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# Determine the warped image by applying
#the transformation to the image
imgwarp=cv2.warpPerspective (img,Mp, (cardW, cardH))
# Add alpha layer
imgwarp=cv2.cvtColor (imgwarp,cv2.COLOR_BGR2BGRA)

# Shape of ’cnt’ is (n,1,2), type=int with
#n = number of points

# We reshape into (1,n,2), type=float32,

#before feeding to perspectivelransform
cnta=cnt.reshape(l,-1,2) .astype(np.float32)
# Apply the transformation ’Mp’ to the contour
cntwarp=cv2.perspectiveTransform(cnta,Mp)
cntwarp=cntwarp.astype(np.int)

# We build the alpha channel so that we have transparency on the
# external border of the card

# First, initialize alpha channel fully transparent
alphachannel=np.zeros (imgwarp.shape[:2],dtype=np.uint8)

# Then fill in the contour to make opaque this zone of the card
cv2.drawContours (alphachannel,cntwarp,0,255,-1)

# Apply the alphamask onto the alpha channel to clean <t
alphachannel=cv2.bitwise_and(alphachannel,alphamask)

# Add the alphachannel to the warped image
imgwarpl[:,:,3]=alphachannel

# Save the image to file
if output_fn is not None:
cv2.imwrite (output_£fn, imgwarp)

if debug:

cv2.imshow("Gray",gray)

cv2.imshow("Canny",edge)

edge_bgr=cv2.cvtColor(edge,cv2.COLOR_GRAY2BGR)

cv2.drawContours (edge_bgr, [box] ,0, (0,0,255),3)

cv2.drawContours (edge_bgr, [cnt],0, (0,255,0),-1)

cv2.imshow("Contour with biggest area",edge_bgr)

if valid:
cv2.imshow("Alphachannel",alphachannel)
cv2.imshow("Extracted card",imgwarp)

return valid, imgwarp



Cnenehu kopak je Ja ce u3aBoje (pejMOBM M3 CHUMKA U HaJ| UM I[IO3UBA M3HA]L
nedunmcana gpyHkIuja; 3a 10 je pedunucana dpynkinuja extract_cards_from_video().

[Topes mpoBepa Jia Jin MOCTOje yja3Ha BHJIEO JAaTOTeKa W M3ja3Ha (pacnukia, rie he
OWTH crlakoBaHe CJIMKe, OTBapa ce Bujeo jgaroreka xopuithemem OpenCV Oubimoreke ca
cap=cv2.VideoCapture(video_fn), a ouma yurta dppejm nozusom cap.read(). Ha cBakux
5 dpejmoBa ce nozuBa dyHkImja extract_card()

def extract_cards_from_video(video_fn, output_dir=None, keep_ratio=5,
min_focus=120, debug=False):
if not os.path.isfile(video_fn):
print(£f"Video file {video_fn} does not exist !!!")
return -1, []
if output_dir is not None and not os.path.exists(output_dir):
os.makedirs (output_dir)

cap=cv2.VideoCapture(video_fn)

frame_nb=0
imgs_list=[]
while True:
ret,img=cap.read()
if not ret: break
# Work on every ’keep_ratio’ frames
if frame_nbjkeep_ratio==0:
if output_dir is not None:
output_fn=give_me_filename (output_dir, "png")
else:
output_fn=None
valid,card_img = extract_card(img,output_fn,
min_focus=min_focus,debug=debug)
if debug:
k=cv2.waitKey(1)
if k==27: break
if valid:
imgs_list.append(card_img)
frame_nb+=1

if debug:
cap.release()
cv2.destroyAllWindows ()

return imgs_list

OBaxko jedunucany QyHKIU]y je TOTPEOHO MO3BATU HaJ CHUMIMMA CBUX KapaTa U OHJIa
Cy cauke cadyBaHe y daciukiama, 1ocebHO 3a CBaKy KapTy



2.2 OsnpauyaBaibe 3HaKa 1 Opoja KapTe Ha CJAUIA

[Topen nedunncama auMen3uja Kapre KOPUIINEHOT MU, Ha MOYETKY Jupyter cBecke
ce meduHUNTY 1 To3nunirje homKoBa MpaBOYTraoHMKa KOjU OKPY2KYyje 3HAK 1 Opoj KapTe, Kao
Ha CJIUIM 2, W cadyBaHe Ccy y IpoMeH/bMBaMa cornerXmin, cornerXmax, cornerYmin u
cornerYmax.
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Crmka 2: /Inmensuje kapTe u mpaBoyraonuka (oko 6poja n 3Haka)

[Torpebno je nedunucaru byHKIMjy Koja he yHyTap OBOI' IPaBOYTAOHUKA OJIPEIUTU
KOHTYPY YHyTap Koje he ce Hayia3uTu 6poj u 3HAK.

OBa ¢yukmuja je mazsana find_hull() u mopesn cinke KapTe, Ka0 apryMeHT COrner
prMa ITO3UINjy IpaBOyraoHWKa W Moryhe je NpOCTIEIUTH TO3UINA]Y TOPH-Er-jJeBor u
JOIber-JIecHOr, a ynucanu cy y npoMensbuse refCornerHL n refCornerLR, pecieKTUBHO.

Ha mouerky ce m3iBaja Jileo C/UKe O3HAYeH IO3WIMjaMa IIPABOYTaoOHUKa W YIIHCYje y
npomenspbuBy zone. (Cjimka ce mperBapa y NpHO-OeTy, W3/iBajajy Ce WBHUIE U O3UBOM
cv2.dilate() ce one mojavaBajy Tj. (DyHKIMja paJid Tako IITO MPOMEHH 0O0jy HMHUKCeTa U3
npHe y Oely YKOJHMKO Taj IpHEU THKceJa uMa ucton cebe Gemn [4]. V3aBajajy ce KoHType
nosuBoMm cv2.findContours() u Jedunuinry ce MUHUMAJIHA MOBpHIMHA (min_area) u
MHUHUMAJHN OJIHOC IOBPIINHA IOCMATpaHe KOHTYPe M KOHBEKCHOI' IIOJINTOHA OKO e
(min_solidity).



Cagia ce ysrazu y for nerby Koja mpoJia3u Kpo3 cBe HaheHe KOHTYPe; y BhOj ce IIPBO padyHa
[OBPIIIUHA T€ KOHTYpE, a 1mo3uBoM cv2.convexHull () ce Haja3m KOHBEKCAH MOJUTOH OKO
KOHTYDE.

Oynknuja cv2.moments () Bpaha Tekuire KOHType W IOTOM Ce€ BPIIE MpoOBepe: Jia JIi
je mospmmHa KoHTYype Behia o MuHEHMaaHO AedwuHHcaHe (min_area), Ja JiM je OJIHOC
MOBPIINHA KOHTYpPE ¥ KOHBEKCHOT IOJINTOHA KOjU je OKpYyKyje Behum oJ MUHUMAJIHO
nedunncanor (min_solidity) m ma Jim ce TeXHMINTe KOHTYpe Haja3u OJin3y IEeHTpa
IIPaBOYTaOHUKa YHYTap KOra je TpakeHa KOHTYPA.

Cre nalene KOHTYype Cy CliOjeHe YHyTap MpOMeH/bUBe concat_contour u caja ce oapehyje
KOHAYHM ITOJIUTOH OKO Opoja 1 3HaKa, U HeroBa MOBPIIIHA. Y KOJUKO je MMOBPITUHA ITOJTUTOHA
y IpaHullaMa MUHUMAaJHE W MaKCHMaJjHe JeUHICcaHe BPEJIHOCTU IMPOMEH/bUBA OK W JIa/be
uMa BpejHocT True, ma je joIn caMo HOTPEOHO IMO3IHjY MOJUroHa JeUHUCATH Y OJHOCY
UBUILYy KapTe Tj. HA U3padyHATy IO3UIN]Y, KOja je peJaTUBHA Y OJHOCY Ha IPaBOYTaOHUK
KOjU je OKPYKMBAO 3HAK U OPOj, JI0/IaTh ¥ KOOP/JIMHATE CAMOI IIPaBOyTaOHUKA y OJIHOCY Ha
KapTy

def findHull(img, corner=refCornerHL, debug="no"):
kernel = np.ones((3,3),np.uint8)
corner=corner.astype(np.int)

# We will focus on the zone of ’tmg’ delimited by ’corner’
x1=int (corner [0] [0])

yil=int (corner[0] [1])

x2=int (corner[2] [0])

y2=int (corner[2] [1])

w=x2-x1

h=y2-y1

zone=img[y1l:y2,x1:x2] .copy()

strange_cnt=np.zeros_like(zone)
gray=cv2.cvtColor (zone,cv2.COLOR_BGR2GRAY)
thld=cv2.Canny(gray,30,200)

thld = cv2.dilate(thld,kernel,iterations=1)
if debug!="no": cv2.imshow("thld",thld)

# Find the contours
contours, _=cv2.findContours(thld.copy(),cv2.RETR_EXTERNAL,
cv2.CHAIN_APPROX_SIMPLE) #_,contours,_

min_area=30 # We will reject contours with small area.

#TWEAK, ’zoom’ dependant
min_solidity=0.3 # Reject contours with a low solidity. TWEAK
concat_contour=None # e will aggregate in ’concat_contour’

#the contours that we want to keep
ok=True



for ¢ in contours:
area=cv2.contourArea(c)
hull = cv2.convexHull(c)
hull_area = cv2.contourArea(hull)
solidity = float(area)/hull_area
# Determine the center of gravity (cz,cy) of the contour
M=cv2.moments (c)
cx=int(M[’m10°]/M[’m00°])
cy=int(M[’m01°]/M[°m00°])
# abs(w/2-cz)<w*0.3 and abs(h/2-cy)<h*0.4 :
# TWEAK, the idea here 1s to keep only the contours
# which are closed to the center of the zone
if area >= min_area and abs(w/2-cx)<w*0.3 and
abs(h/2-cy)<h*0.4 and solidity>min_solidity:
if debug != "no"
cv2.drawContours(zone, [c],0, (255,0,0),-1)
if concat_contour is None:
concat_contour=c
else:
concat_contour=np.concatenate((concat_contour,c))
if debug != "no" and solidity <= min_solidity :
print("Solidity",solidity)
cv2.drawContours(strange_cnt, [c],0,255,2)
cv2.imshow("Strange contours",strange_cnt)

if concat_contour is not None:
# At this point, we suppose that ’concat_contour’ contains
# only the contours corresponding the value and suit symbols
# We can now determine the hull
hull=cv2.convexHull(concat_contour)
hull_area=cv2.contourArea(hull)
# If the area of the hull ts to small or too big,
# there may be a problem
min_hull_area=940 # TWEAK, deck and ’zoom’ dependant
max_hull_area=2120 # TWEAK, deck and ’zoom’ dependant
if hull_area < min_hull_area or hull_area > max_hull_area:
ok=False
if debug!="no":
print ("Hull area=",hull_area,"too large or too small")
# So far, the coordinates of the hull are relative to ’zone’
# We need the coordinates relative to the image -> ’hull_in_img’
hull_in_img=hull+corner [0]
else:
ok=False



if debug !'= "no"
if concat_contour is not None:
cv2.drawContours(zone, [hull],0, (0,255,0),1)
cv2.drawContours (img, [hull_in_img],0, (0,255,0),1)
cv2.imshow("Zone",zone)
cv2.imshow("Image",img)
if ok and debug!="pause_always":
key=cv2.waitKey (1)
else:
key=cv2.waitKey(0)
if key==27:
return None
if ok == False:
return None
return hull_in_img

[TosuBamem dyukimje find_hull() gBa myTa, jeJJHOM 3a TOPILU-JIEBU, & JIPYTH YT 3a
JIOU-JIECHU TTPABOYTAOHUK, J100Mjajy ce JiBa MOJUroHa, kao Ha ciaunu 3. OBo je nmorpedHo
U3BPIINTH HaJ| CBUM Kaprama U cadyBaru rnojurone y Python peunuky, rie je kbyd Ha3us
KapTe, & HeroBa BPEJIHOCT je JINCTa Koja CaJIpKH CJINKY KapTe U IO3WIHje JiBa IOJNUTOHA.
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Cinuka 3: Tlosiuron koju oKpyKyje 3HaK u O6pOj

Peunuk kapara cards, ca jeduHUCAHUM IIOJJUTOHUMA OKO 3HaKa M Opoja, ce yImcyje y
naroreky cards_pck_fn.pck, mosuBom pickle.dump(cards,open(cards_pck_fn,’wb’)),
rie je kopumhen Pickle momys koju ciryzxu 3a nperBapamme Python ofjekara y Tok 6ajrosa
u o6puyTO [5].
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2.3 IlpaBsbeme cKylla 3a TpeHUPaIbhe

Ckyn 3a TpeHHMpamhe ce TeHEPHINe IIOJBIAYebeM jeJIHe OJ MHOT'O I103a/[iHa, HCIIOJL
Kapara, a OHe ce pacrnopelyjy Ha JiBa HaYMHA: HACYMUYIHUM TPAHCIUPAEEM, POTAIAjOM W
yBehaBameM jIBe KapTe; HACYMUYHIM TTO3UIMOHUPAEM TPHU KapTe, aJi TaKo Ja ce HaJase
jeqHa J1o JIpyre Kao Kajia ce JIpKe Yy PYIIH.

Jlecdunucana je kjaca Scene, Ipu YHjeM Ce UHCTAHIUPAY Y KOHCTPYKTOPY IIO3UBA
dyukiuja create2CardsScene() mimm create3CardsScene(), 3aBUCHO OJ TOra Ja Jid CY.
Kao apryMeHTH ¢yHkiuje, mupociehene ciuke jBe wiam Tpu Kapre.  Kao aprymenr,
KOHCTPYKTOD IPUMa U CJUKY TO33JIMHe, MOPEeJT CINKa KapaTa U TOJUTOHA KOjU OKPYXKY]Y
IbUXOB 3HAK 1 OPO].

Oyuknujom create2CardsScene() ce uzBpinasa pacrnopehuBaibe JiBe kapre. Ha menom
moueTKy ce no3usa gyukimja hull_to_kps (), 3a cBaKM MOJUTOH KOjU OKPY2KY]je 3HAK U OPO]
Tj. BUX YETUPU.

def create2CardsScene(self,bg,imgl, classl, hullal,hullbl,img?2,
class2,hulla2,hullb2):
kpsal=hull_to_kps(hullal)
kpsbl=hull_to_kps (hullbi)
kpsa2=hull_to_kps(hulla2)
kpsb2=hull_to_kps(hullb2)
# Randomly transform 1st card
self.imgl=np.zeros((imgH, imgW,4) ,dtype=np.uint8)
self.imgl[decalY:decalY+cardH,decalX:decalX+cardW, :]=imgl
self.imgl,self.lkpsl,self.bbsl=augment(self.imgl,
[cardKP,kpsal,kpsbl],transform_lcard)
# Randomly transform 2nd card. We want that card 2
# does not partially cover a corner of 1 card.
# If so, we apply a new random transform to card 2
while True:
self.listbba=[]
self.img2=np.zeros((imgH, imgW,4) ,dtype=np.uint8)
self.img2[decalY:decalY+cardH,decalX:decalX+cardW, :]=img2
self.img2,self.lkps2,self.bbs2=augment (self.img?2,
[cardKP,kpsa2,kpsb2],transform_1card)
# mainPoly2: shapely polygon of card 2
mainPoly2=kps_to_polygon(self.1lkps2[0] .keypoints[0:4])
invalid=False
intersect_ratio=0.1
for i in range(1,3):
# smallPolyl: shapely polygon of one of the hull of card 1
smallPolyl=kps_to_polygon(self.lkpsi[i].keypoints[:])
a=smallPolyl.area
# We calculate area of the intersection of
# card 1 corner with card 2
intersect=mainPoly2.intersection(smallPolyl)
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ai=intersect.area
# If antersection area is small enough, we accept card 2
if (a-ai)/a > l-intersect_ratio:
self.listbba.append (BBA(self.bbs1[i-1],classl))
# If intersectio area 1s not small, but also
# not big enough, we want apply new transform to card 2
elif (a-ai)/a>intersect_ratio:
invalid=True
break
if not invalid: break
self.classl=classl
self.class2=class2
for bb in self.bbs2:
self.listbba.append (BBA(bb,class2))
# Construct fimal image of the scene
# by superimposing: bg, imgl and img2
self .bg=scaleBg.augment_image (bg)
maskl=self.imgl[:,:,3]
self .maskl=np.stack([mask1]*3,-1)
self .final=np.where(self .maskl,self.imgl[:,:,0:3],self . bg)
mask2=self.img2[:,:,3]
self .mask2=np.stack([mask2]*3,-1)
self .final=np.where(self .mask2,self.img2[:,:,0:3],self final)

OBa dyHKIMja padyHa HOBe IO3UIMje IOJHUIOHA, jep ce caja Ha CAUIN HaJa3h KapTa
IIPEKO TO3aIMHE, T1a je HOBa MO3Ullja 30Up pacTojarba y OJIHOCY Ha KapTy W KOOPJMHATA
KapTe, a OHA Ce HaJIa3W Ha IEHTPY CJINKE.

def hull_to_kps(hull, decalX=decalX, decalY=decalV):
# hull 7s a cve.Contour, shape : Nzlz2
kps=[ia.Keypoint (x=p[0]+decalX,y=p[1]+decalY)
for p in hull.reshape(-1,2)]
kps=ia.KeypointsOnImage (kps, shape=(imgH,imgW,3))
return kps

Ban kiace Scene cy JedwuHHCaHe KOOPJAUHATE KOj€ OJroBapajy IEHTPY CJUKe KOjy
TEHEepUIeMO, U TO he OUTH TOYETHE MO3UIUje KapaTa IIpe HACYMUYHOT TTO3UIUOHUPAIHA.
Jnmensuje cimke Kojy xoheMmo jma rerepuieMo cy onpebene ca imgW=720 n imgH=720, a
KOOp/IMHATE TIOYeTHE TO3UIINje KapaTa 3a CJINKY ca JBe KapTe cy jdeduHncane Kao:

decalX=int ((imgW-cardW)/2)
decalY=int ((imgH-cardH)/2)

Cana ce y dynkiuju create2CardsScene() mpaBu Hy/ITa MaTpHUila 3a IMPBY KapTy,
JIIMEH31ja M3JIa3He CIUKe, U dyBa y aTpubyTy Kiace self.imgl, u Ha HeEHO] IEHTPAJIHO]
MO3UIUjH ce YIHCYje cauKa kapre. FbeHo HacyMudHO TIOMeparbe je U3BPIIEHO (DYHKIIjOM
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augment (), a Kao apryMeHTH joj ce, MOpeJ CJIUKe KapTe, Ipociehyjy u ,KibydHe Tadke’
(keypoints) oksupa oko kKapre cardKP, meduHHCAHOr HAa IOYETHO] MO3UIMjU, U 00a
IIOJIMOTOHA OKO 3HaKa U Opoja, Kao m TpaHcdopMaluja Kojy je MOTPeOHO MU3BPIIUTH HAT
KapToM, cadyBaHa y TpoMeH/bNBOj transform_lcard.

# imgaug keypoints of the bounding box of a whole card
cardKP = ia.KeypointsOnImage ([
ia.Keypoint (x=decalX,y=decalY),
ia.Keypoint (x=decalX+cardW,y=decalY),
ia.Keypoint (x=decalX+cardW,y=decalY+cardH),
ia.Keypoint (x=decalX,y=decalY+cardH)
1, shape=(imgH,imgW,3))
# imgaug transformation for ome card in scenario with 2 cards
transform_lcard = iaa.Sequential([
iaa.Affine(scale=[0.65,1]),
iaa.Affine(rotate=(-180,180)),
iaa.Affine(translate_percent={"x":(-0.25,0.25),"y":(-0.25,0.25)}),
D

def augment(img, list_kps, seq, restart=True):
# Make sequence deterministic
while True:

if restart:

myseqg=seq.to_deterministic()
else:

myseg=seq
# Augment image, keypoints and bbs
img_aug = myseq.augment_images([img]) [0]
list_kps_aug = [myseq.augment_keypoints([kp]) [0]

for kp in list_kps]

list_bbs = [kps_to_BB(list_kps_augl1]) ,kps_to_BB(list_kps_aug[2])]
valid=True
# Check the card bounding box stays inside the image
for bb in list_bbs:

if bb is None or int(round(bb.x2)) >= imgW or

int (round(bb.y2)) >= imgH or
int(bb.x1)<=0 or int(bb.y1l)<=0:
valid=False
break

if valid: break
elif not restart:

img_aug=None

break

return img_aug,list_kps_aug,list_bbs
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Y dyukiuju augment () ce jmeduHUITy IPAHUYHU OKBUDU KOjU OKPYKY]y 3HAK u OpOj,
nosuBoM dyuknuje kps_to_BB() Koja mpaBu TpaHUYHU OKBHUD HA OCHOBY ,KJbYUHUX
Tadaka imaug OMOIMOTEKe, TAKO INTO HaJA3W TadKe ca MUHUMAJIHUM U MAKCUMAJIHUM X W
y Koop/imHaTaMa 1 Kao u3Jsa3 Bpaha rpann<diu oKBUP ojipeheH TUM BPEIHOCTHMA.

def kps_to_BB(kps):
extend=3 # To make the bounding boxr a little bit bigger
kpsx=[kp.x for kp in kps.keypoints]
minx=max(0,int (min(kpsx)-extend))
maxx=min (imgW, int (max (kpsx)+extend) )
kpsy=[kp.y for kp in kps.keypoints]
miny=max (0, int (min(kpsy)-extend))
maxy=min (imgH, int (max (kpsy)+extend) )
if minx==maxx or miny==maxy:
return None
else:
return ia.BoundingBox(x1=minx,yl=miny,x2=maxx,y2=maxy)

Caya ce y dynknuju augment () 3a cBaKM OKBUD BPIIHU IIPOBEPA J1a JIU Ce HAJa3u YHYTap
CJIMKE.

Y ¢dynkmuju create2CardsScene() ciequ while meT/ba yHyTap Koje ce Ha TOYETKY
u3Bpmasa QyHkiuja augment (), aju cajia Ha I APYroM KapTOM, & HheH U3J1a3 ce mpociehyje
dyuknuju kps_to_polygon(), Koja ,K/bydHe Tauke’ IedUHUIIE KAO KOOPIUHATE.

def kps_to_polygon(kps):
pts=[(kp.x,kp.y) for kp in kps]
return Polygon(pts)

Jlape ynyrap create2CardsScene() dyHkimje, BpImu ce NpoBepa Jia JHU je IpeceK
IpaHUYHAX OKBHPA OKO 3HaKa M Opoja y ojpeheHuM rpanuiiaMa, jep je Imusb Jjia ce n3derte
Jla JIpyra KapTa TIpeKkpuje 3Hak u Opoj IpBe KapTe, akKO ce TO JIeCH, VJIa3h ce HOBY
UTepaIujy merbe.

YKOJMKO je YCJIOB 3aJI0BOJbEH, Y JIUCTY OKBUpa Tj. aTpuOyTy Kjace self.listbba ce
Jlojlaje MHCTaHIa Kjiace BBA, Ipu unjeM mpaBjberby ce YHyTap KOHCTPYKTOpa Y heHe arpudyTe
YIIACYjy KOOP/JMHATE OKBUPA OKO 3HaKa M Opoja, U HA3UB KapTe.

class BBA: # Bounding box + annotations
def __init__(self,bb,classname):
self.x1=int (round(bb.x1))
self .yl=int(round(bb.y1))
self.x2=int (round(bb.x2))
self .y2=int (round(bb.y2))
self.classname=classname

[To mznacky m3 while mer/be ce Jimctu okBupa self.listbba, Kojoj cy jogara 1aBa
OKBHpa OKO 3HaKa U 0Opoja MNpBe KapTe, JI0/ajy W OKBHUPH JIpyre KapTe IMO3UBOM
self.listbba.append (BBA(bb,class?2)).
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Ha xpajy dynkiuje create2CardsScene() ce cnajajy mosajuHa U JBe KapTe Yy jeJIHY
CJMKY U KOHaYHA CJIMKA je ynucana y arpuOyT Kiace self.final. Ha caumu 4 je npukazan
IIpUMEDP CJIUKe ca JIBe KapTe.

Cnuka 4: Civka 3a TpeHUpabe KOja CaJpzKu JBE KapTe

Jlpyru 7ieo TpEHUHT CKyTIa, ca TpU KapTe nopehane Kao Kajia ce JIpKe y PYIH, ce U3BpIiaBa
dyukmmjom create3CardsScene (). [usb je j1a ce uzspiire jBe Tpancdopmaliyje 3a JiBe Kapre
IojeIMHAYHO, & OHJla Tpeha TpancdopMalja cBe TP KapTe Kao rpyle.

Ha mouerky &dynknuje create3CardsScene() ce wu3BpIaBajy Mo3uBU (DyHKIIHje
hull_to_kps() 3a moJsiurone oko 3Haka u Opoja jBe Kapre. [IpaBe ce myire marpuie 3a
CBe TpU Kapre, JMMeH3Wja yJa3He CJIuKe, M YIuCyjy y arpubyre kKjace self.imgl,
self.img2 u self.img3. Cinmke Kaparta, cadyBaHe Kao MaTpuile Yy YIa3HUM
npoMeH/bMBaMa imgl, img2 m img3, ce ymmcyjy y HaBejleHe HyJITe MaTpPHUIle HA IOYETHUM
nosnujaMa, TaKO Jia KapTe Ipe u3BpIIaBama TpaHcdopmaruja Oyly y IEHTPY CJIHUKE, a
KOOD/IMHATE TI0YeTHEe MO3UIlKje KapaTa 3a CJIUKY ca TPU KapTe cy Jedunucane Kao:

decalX3=int (imgW/2)
decalY3=int (imgH/2-cardH)

Han self.img3 wum self.img2 ce mosmBa dyHnkuja augment() u mpocaehyjy
TpaHchopMalije Koje KeJIUMO Jia H3BPIIUMO HaJ| huMa trans_rotl m trans_rot2,
pecnekTuBHO. Y3 TO ce dyHnknuju augment() mpocsaebyjy jomr u ,K/bydHe TadKe’
FPAHUYHOI OKBUpa OKO Kapre cardKP, u u3Haj jo0ujeHe ,K/bydHe Tadke [MO3UBAEM
dyukiumje hull_to_kps().
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trans_rotl = iaa.Sequential([
iaa.Affine(translate_px={"x": (10, 20)}),
iaa.Affine(rotate=(22,30)) 1)

trans_rot2 = iaa.Sequential([
iaa.Affine(translate_px={"x": (0, 5)1}),
iaa.Affine(rotate=(10,15)) 1)

transform_3cards = iaa.Sequential([
iaa.Affine(translate_px={"x":decalX-decalX3,"y":decalY-decalY3}),
iaa.Affine(scale=[0.65,1]),
iaa.Affine(rotate=(-180,180)),
iaa.Affine(translate_percent={"x":(-0.2,0.2),"y":(-0.2,0.2)3})

D

Cnemn while mer/ba y KO0joj ce wm3BpiaBa TpaHcdopMmaldja HaJ CBe TpU KapTe,
neduHMCaHa y TpoMeH/bUBO] transform_3cards. PDysrnmja augment() ce mo3mBa HaJT
self.imgl, self.img2 u self.img3.

NzBan mnerbe ce ynucyjy rpaHudHE OKBHPH OKO 3HakKa U Opoja y arpubOyT KJjace
self.listbba, a npociehyjy ce kao uncranie kJjace BBA.

Ha kpajy dynkimje create3CardsScene() ce cmajajy mo3ajuHa U TpU KapTe y jeJIHY
CIVKY U KOHaJYHA CJIMKA je yrnucana y aTpuOyT Kiace self.final. Ha caumm 5 je mpukasan
[IpUMep CJIMKEe ca TPU KapTe.

Cnuka 5: Cyimka 3a TpeHUpame KOja CaJIpyKi TPU KapTe

Hapeann kopak y mnpaB/beHy CKyIla 3a TPEHHparbe je Jia ce, mopejl mo3uBa (yHKIMja
create2CardsScene () u create3CardsScene (), cauyBa u uHdopmaIja O MO3UIUjU 3HAKA
u Opoja Ha CJIUIIN.
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VY cnenehoj hemuju” koma Jupyter cBecke je nedunucan oOJMK O3HAYABAIbA IMOATAKA Y
XML jesuky, kao u dyukiuja create_voc_xml() kKoja dyBa Bpeanoctu y Beh omnpehenHom
XML dopmary. Aprymentn dyukimje cy ndnazna XML maroreka, Ha3uB CJIMKe Tj. MyTamba
U JIUCTa TPAHUYIHUX OKBHUPa OKO 3HaKa U Opoja.

xml_body_1="""<annotation>
<folder>FOLDER</folder>
<filename>{FILENAME}</filename>
<path>{PATH}</path>
<source>
<database>Unknown</database>
</source>
<size>
<width>{WIDTH}</width>
<height>{HEIGHT}</height>

<depth>3</depth>
</size>
xml_object=""" <object>
<name>{CLASS}</name>

<pose>Unspecified</pose>

<truncated>0</truncated>

<difficult>0</difficult>

<bndbox>
<xmin>{XMIN}</xmin>
<ymin>{YMIN}</ymin>
<xmax>{XMAX}</xmax>
<ymax>{YMAX}</ymax>

</bndbox>

</object>

xml_body_2="""</annotation>

def create_voc_xml(xml_file, img file,listbba,display=False):
with open(xml_file,"w") as f:
f write(xml_body_1.format (**{’FILENAME’:os.path.basename(img_file),
’PATH’ :img_file,’WIDTH’ : imgW, ’HEIGHT’ : imgH}))
for bba in listbba:
f.write(xml_object.format (*+{’CLASS’ :bba.classname,
’XMIN’ :bba.x1,’YMIN’ :bba.yl, ’XMAX’ :bba.x2, ’YMAX’ :bba.y2}))
f . write(xml_body_2)
if display: print("New xml",xml_file)
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2.4 IIpeBohewe XML naroreka y dopmar YOLO aaropurma

[Topen Jupyter cBecke creating_playing_cards_dataset.ipynb umju je cajapxkaj
usHay omucaH, y GitHub penosuropujymy naBemenom y smreparypu [1| ce Hamasu u
Python maroreka convert_voc_yolo.py. OBa matoreka omoryhasa mperBaparmbe mojaTaka
o objekTuMa Koju ce Hajase Ha ciauiu u3 jgedpununcanor XML dopmara y dopmar Koju
onrosapa YOLO anropurmy, Koju he 6utu npumermeH 3a TPEeHUPAIHE.

ZKeswenu dopmar je <rmaca-objerra> <x> <y> <mmpuna> <sucuza> [6]:

e <kyaca-ob6jekTa> - pejun O6poj Kiace, 0 1o (6pojKnaca-1)

o <x> <y> <mmpumHa> <BHUCHHA> - palliOHaJIHE BPEIHOCTU peJIaTUBHE Y OJHOCY Ha BUCHUHY
U HMIUPUHY CJUKE, MOTY uMaTu y3etu BpejHocT u3 (0.0,1.0]

e Ha IpuMep: <x> = <alCOoNyTHO_X> / <mMpUHA_CJIHUKEe> WJIN
<BHCHHA> = <allCONyTHAa_BUCHUHA> / <BHUCHHA_CJIUKE>

e <x> u <y> - Cy IeHTap IPaBoyraoHWKa (He ropwu-JaeBr NOIIaK )

Y maroreru convert_voc_yolo.py ce mnposasu kpo3 XML maroreky u nHajaze norpedHu
nosiary, a K/py4dna yukimja 3a npesoheme y YOLO dopmar je convert(). V aprymenty
size ce Ha/Ia3e IUMEH3Hje CJINKE, a Y box Cy cajp:KaHe X U § KOOpAMHaTe NONMKOBa TPaHNIHOT
OKBHPa OKO 3HaKa u Opoja Kapre.

C ob3upoM ma <x> m <y> y KeJbeHOM (opMarTy NpeacTaB/bajy IeHTap OKBUPA Tj.
[IPABOYTAOHUKA, T€ BPEIHOCTH Ce€ J00Mjajy apuTMETUYKOM CPEJINHOM yiaa3Hux. Jle/bemeM
ca IMUPUHOM Tj. BUCUHOM CJIUKE ce JIOOUjajy pesiaTuBHE BPETHOCTH.

def convert(size, box):
dw = 1./size[0]
dh = 1./size[1]

x = (box[0] + box[1])/2.0
y = (box[2] + box[3])/2.0
w = box[1] - box[0]

h = box[3] - box[2]

x = x*kdw

w = wkdw

y = y*dh

h = hxdh

return (x,y,w,h)
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3 Bemrauke HeypoHCKe MpexKe - Teopuja

3.1 VYBoj y BeniTadyke HEYPOHCKE MpexKe

HeypoH je ocHoBHa je/IMHUIIA BENITAYKe HEYPOHCKE MPEZKe 1 UMa CBOje yiia3e, HaJl KOjuMa,
M3BPINaBa padyHCKe omepaliije u Jo0ujeHy BPeIHOCT ynucyje kao u3mia3 [7]. OBako usriesa
HEYPOH ca JBa yJia3a:

Ynazn N3na3

X1

X2

Cnuka 6: Heypon

O mrpasajy ce Tpu ctBapu. IIpBo ce yimazu x1 u r9 MHOXKE TeKUHaMa Be3a wi U Ws, 114
ce CBU OBH IPOUM3BOJIM cabupajy u TOM 30upy jojaje u npar akrusaiuje b. Ha kpajy ce oBa
BPEJIHOCTA TIPOC/IEIN aKTUBAIIMOHO] (DYHKIIU]U U JI00Mja ce U3J1a3Ha BPEITHOCT.

y = f(x1 % wy + x9 * wo + b) (1)

OyHKIMja KOja Cce UecTo IpuMemyje Kao akTuBarmona je Curmomgaa QyHKIHT]a,

neburmcana kao S(z) = =

1.01

0.8

Sigmoid(X)
o
o

o
IS
L

0.2

0.0

Cnuka 7: Curmonjna byHKIIHja

1] (ako ce mpezcraBe

Ako 6u TexkuHe Be3a umasie BpegaocT wy = 0wy = 1 1j. w = [0,
=3 (x = [2,3]), rama ce

Kao BEKTOD), Ipar akTupaimje b = 4, a yja3u HeypoHa T1 = 2 U To
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IIPUMEHOM H3Ha/] rILe(bI/IHI/IC&He (bOpMyJIe A0JIa3n OO0 BPEAHOCTHU M3JIa3a:

(w-z+b) = ((wy *21) + (wy *x23)) + b

=0%x24+1%x3+4 (2)
=7
y=f(w-z+b)= f(7)=0.999 (3)
Kana ynasu meypona usHoce x = [2,3], uznasna speanoct je 0.999. Osakas mporec

npocyiehuBama yJia3HIX BPEIHOCT HAIpe] Ha3WBa ce Mpomaramnmja yHarpes.
Heyponcka Mmpexka je ckyn mehycobno nosezannx neypona. Ha cimmu 8 je mpukazan
[IpUMEP BEIITavYKe HEYPOHCKE MpexKe:

YnasHu cnoj CkpuseHu cnoj  MznasHu cnoj

X1

X3

Cauka 8: Bemrauka HEypPOHCKa Mpexka

OBa Mpexka uMa JBa yJjas3a, CKpUBEHHU CJI0j ca JBa HeypoHa (hy u hy) ¥ W3JIa3HU CJIO]
KOJH ce cacToju oj jeaHor Heypona o;. CKpUBEHM cJI0j je Oujio Koju c¢jioj uamel)y yaasHor u
M3JIa3HOr cjioja u Moryhe je Jia ce BemTadka HeypOHCKa MPEXKa CacTOjUu OJ] MHOI'O CKPUBEHUX
cJI0jeBa.

[IpeTiocTaBuMo Jia CBU HEyPOHU UMajy ucre Texkune Besa wy = 0 u wy = 1 1j. w = [0, 1],
ucTu npar akruBanuje b = 0 u cBu HeypOHU Kao akTuBaIrnony gpyHkiujy Kopucre CUrMouHy
dyukImjy; Taga ce ciegehnm padynom jo0uja n3jaa3Ha BPEIHOCT, aKO ce Ha yJia3 IIPOC/Ie/In
BpenocT T = [2, 3]:

hi=hy = f(w-x+b)
= f((0%2) + (1%3) +0)
= f(3) :
= 0.9526
o1 = f(w-[hy, ha] +b)

= f((0% hy) + (1% h2) +0) (5)

= £(0.9526)

= 0.7216
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Nwme Texxuna (1b) | Bucuna (in) | Ilox
Harama 133 65 K
bajara 160 72 M
"Doxosuh 152 70 M
VBana 120 60 K

Tabena 1: Ilpumep TpeHWHT CKyIIa MOJATaKa

Bemrrauka HeypoHCKa Mpeka MOKe Jia UMa IPOU3BOJbaH OPOj CJI0jeBa U HEYPOHA Y IbUMA.

Kopuctnmo ciiesiehe nomaTke 3a npuMep TpeHHpamba BellTavuKe HEYPOHCKE MpPeXKe:

Cajna ciieyiu TpeHUpalbe MpexKe Koja Tpeba Ja NpPEeIBUIM 10JI 0cobe, a Kao yja3He
IapaMeTpe UMa TeKUHY U BUCHUHY:

YnasHu cnoj  CkpueeHW cnoj  3nasHu cnoj

TEXMWHA

BUCWHa

Cruka 9: Bemradka HeypoHCKa MpexKa Koja Tpeba 1a ce TpeHupa

Y mapeanoj tabemu cy Mywxapuyu osnadenu Opojem 0, 2Kene Opojem 1, a ocrase
BPEJ/IHOCTHU CY TO/Ije/IHAKO CMarbeHe, Jia Ou Mm3padyHaBambe OUI0 je HOCTABHUjE:

Nnme Texxuna (Mumyc 135) | Bucuna (mumnyc 66) | Ilox
Harama -2 -1 1
Bajara 25 6 0
‘Dokosuh 17 4 0
NBana -15 -6 1

Tabemna 2: Ymamene BpeJHOCTH (IPUIIPpEMa TPEHUHT CKYTIa)

Tpenupame Mpexke je moboJblIame TadHoCTH Tpejasuhama Mpexe. Jla 6u ce Tadnoct
nosehajia MOTPeOHO je MMATH HEKAKBY MepHjo, Ia ce geduHuiry TepMuHE (yHKIHTja
ryoutka L (Loss function) u dynknuja Tpomka J (Cost function). ®yukimja rybutka
ce OJHOCH Ha jeJIaH TpUMep TPEHWHI CKyTa, JIOK je (DYHKIHja TPOINKa CPelha BPEIHOCT
u3BpHIeHnx  (DyHKIMja TyOUTKa  HaJ CBUM  I[IpUMEpUMa  CKyIla, Y3  JIOJATHY
~peryrapuzaiujy” [8].
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Heka je na npumep cpedwa xeadpamua epewra (mean square error) pyHKIUja TPOIIKA:

m

J=MSE= > (e = )’ (6
[ne je:
e m je 6poj nmpumepa Tj. 4 (Harama, Dokosuh, Bajara, lsana)
® Y je IPOMEeHJbUBA KOjy Tpeba ja mpeasuumo 1j. [lou
® Yirue j€ ,radan ojgrosop”’. Ha npumep, 4y 3a Harany 6u 6uo 1 (XKena).

® Ypred J€ BPEJIHOCT KOJy CMO IPeJBUJENH, OHO IITO je N3J1a3 HeyPOHCKEe MPerKe

[Ipensubame je 6o/be, YKOIUKO je (pyHKIMja TPOIIKa Marba, 11a je TPEHUPAHmhe MpexKe
MMOCTYIIAaK MPOMEHe BPEJ/IHOCTU TEeXKMHE Be3a W IMparosa aKTHBAlldje ca IUJbeM Ja
ce oApeau IITO HUXKa (pyHKIMUja TPOHIKA.

Heka mpeka yBek kao uzna3 gaje 0 Tj. yBek npeasuba na je ocoba Mywrkapay; onma
dyukImja Tpomika Tj. cpedrvba Keadpamma 2peulra N3HOCHU:

Nnme Ytrue | Ypred (ytrue - ypred)2
Harama 1 0 1
Bajara 0 0 0
Hoxkosuh 0 0 0
NBana 1 0 1

Tabesa 3: Bpeanocru dyHKIMje TyOuTKa

1
MSE = (1+0+0+1) =05 (7)

Heka ce cajia cKyn cacToju camo u3 jeJHOT IpuMepa Tj. ocobe:

Ume | Texuna (Munyc 135) | Bucuna (Munyc 66) | Ilos
Harama -2 -1 1

Tabema 4: Ckym Koju ce cacToju oj1 jeJiHe ocobe

Cpenmba KBaIpaTHa IPEIKa Cajla U3HOCHU:

1
1
MSE = I Z(ytrue - ypTed)2

= (ytrue - ypred)Q
(1— ypred>2



Ha CJIMIU 10 Cy O3Ha4d€HE O3HaKe€ TeKMHE BE3a U IIPpAaroBu aKTI/IBaHI/IjeI

Ynasuu cnoj  CkpuBeHWU cnoj WN3nasHu cnoj

TeXMWHa

BWCKWHa

Cruka 10: Texkune Be3a u mparoBu akTHBAIK]E Y BEIITAYKO] HEYPOHCKO] MPEXKHU

chHKHHJa TPOIIKa MOXKE Ja ce IIpeJacTaBH Kao beHKLH/IJa Ca BUIIIC IIPOMCHJ/bUBUX:
J(w17w27w37w47w57w67b17w27w3) (9)

[Ipomena BpeHOCTH W1, MeIba BPEJIHOCT J, 1a je TOTPeOHO M3padyHATH HapIija Hu H3BO/I.
[TaprujasiH M3BOJT je TIpeICTaB/HEH Kao:

aJ . aJ % ayp'red
awl B aypreal awl

(10)
Usnan je Beh nobujena spenoct J = (1 — ypreq)?, na je moryhe uspauynaru 0.J/0yppeq:

3J 8(1 — ypred>2
= = —2(1 = Ypre 11
aypred aypred ( Yp d) ( )

[Torpebuo je oapemutn OYpreq/Ow; U KaO y HM3HAJ HABEIEHOM IIPUMEPY IpOIararumje
yHanpes, hi, he n 01 ¢y w3na3u ojarosapajyhux Heypona. Taja je

Yprea = 01 = f(wshy + wehy + b3), (12)

rae je f Curmonjna dbyHKIH]A.
[Mormro wy yrude Ha hy (#e hy), MOXKe Cce HAIMCATU

aypred _ aypred « ahl
awl 0h1 821)1

= Ws * f/(lU5h1 -+ U)6h2 -+ bg)

13
aypred < )
0h,

Ypabeno je ucro u 3a dhy /Ow:
hy = f(wizq + wozs + by)
Ohy (14)

/
— = X1 * f (wlxl + WoXy + bl),
8w1
riae je 1 yJ1a3 HEYPOHa KOjI/I IIpeJcTaB/ba TE2KHUHY 000667 a Lo BUCHUHY.
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NzBox, Curmonstne dyukiumje je:

1
flz) = =
- 1+e (15)
f1@) = fryammp = J@) < (1= (@)

Cajia je maprumjajiHu U3BOJ, CBEJICH HA YJIAHOBE KOje je Moryhe m3padyHaTu:

0 0] et I
awl B aypred ahl 8wl

(16)

[Toctynak padyHama NaplujaJHux W3BOJa WJIyhW Of u3Jjla3a Ka yjaa3y BellTadke
HEYPOHCKE MpeKe Ha3WBa ce mponaramnuja yHa3ag’.

Hayt ckyniom ca jeHoM 0cobom, TpukazanuM y Tadbesu 4, he OuTu uspadyHaT MapIiyjaH
U3BOJIH.

WuunujanmmsoBane cy BpeIHOCTH TexKuHe Be3a Ha 1, a nmparosu aktuBanuje Ha 0. Ako ce
U3BPIIU TPOIaralyja yHalpe/, 100uja ce:

hl = f(U)lZL’l “+ woxy + bl)

= f(-2+-1+0)
=0.0474
hg = f(w3x1 + wyxy + bQ) = 0.0474 (17)

o1 = f(wshy + weha + b3)
= f(0.0474 + 0.0474 + 0)
=0.524

M3na3 Mperke nMa BPETHOCT Ypreq = 0.524, a TO je BpeHOCT Koja He yKa3yje jacHO 1 Jin
je ocoba Mywrapay (0) nim 2Kena (1).
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Caga he 6utn wuspauynaro ! 9.J/0w:

0 _ 01 Dpea, Ol
awl B aypred ahl awl
o0J

= —2(1— re
aypred ( yP d)
— —2(1 — 0.524)
= —0.952
% = Ws * f’(w5h1 —|— ’wﬁhg —|— bg)
Ohy
= 1x f'(0.0474 + 0.0474 + 0)
= £(0.0948) * (1 — £(0.0948)) (18)
=0.249
oh
a—wll = 1 * f’(wlxl “+ woxy + bl)
= 2% f'(=2+—-1+0)
= —2x f(=3)x (1= f(=3))
= —0.0904
8_J = —0.952 % 0.249 x —0.0904
8w1

= 0.0214

Mozke ce 3aK/byduTH Jia OM ce BpeaHocT (dyHKIWje Tpoinka J BpJio Majo mosehasa,
YKOJIMKO On w; 6ma0 moBehaHo.

Chemn Tpenupame Mmpexke n Omhe Kopumihen ajropurtam Cmoxracmuvku 2padujermuu
cnycm KojuMm ce oapehyje Kako MemaTn BpeIHOCTH TeXKWHA Be3a W IparoBa aKTHUBAIM]je, J1a
Ou ce MUHIMHU30BaJIa BPEIHOCT (DYHKIINAje TPOIIKa, J.

[Ipencrasiben je ciemehoM jeIHAIMHOM:

oJ

wq (—wl—’l'}a—u)l,

(19)

rJie je 77 KOHCTaHTa U IPeJCTaB/ba AY2KUHY Kopaka npu y4demy (learning rate), muwme
ce KOHTPOJIUIIE KOJIMKO Op30 yunmo. Ojry3uma ce 77;—1;71 o1, Wr:

e ako je 0J/0w; nosurusno, wy he ce cMmamwuTh, na he ce u J cMambuT
e ako je 0J/0w; HeratusHO, wy he ce moseharu, na he ce u J cmamuTn

Axo ce 0BO ypajiu HaJ[ CBUM Te:KHHAMa Be3a U nparopuma akrupanuje (y jeasaunsau (19)
ce by 3aMeHm ymecTo wi), BYHKIMja TPOIIKa fie ce cMamuBaTH Tj. HEYPOHCKa Mpexka he ce
11060JbIIIABATH.

L Usson f'(x) = f(x) * (1 — f(x)) 3a Curmoumny dyHKIHjy je m3padynar y jeamadauan (15).
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3.2 KoHBoIynujcke HEypOHCKE MpexKe

Pauaynapcku sun (Computer vision) je rpana Koja ce m3yserHo 6p3o passuja. [Ipumvena
oBe 00JIaCTH je BeoMa IMPOKa: JIeTeKINja TeraKa 1 IPYyTUX ayTOMOOMIa TOKOM ayTOHOMHE
BOXKIbe, IIPENO3HABae JINIA [PUMEHmeHO Ha OTKJ/bydaBambe TejledOHA WA BpaTa,
[pero3HaBame Bpere xpane uti. [9].

Jenan ox pobiiema y 0Boj obs1actu je ja nojany (CIuKe) Ha yrasy MOry Ja Oyjy BEeJTUKH.
Ha npumep, naj ciiukom 11 je morpebHO u3BpiunTu KjaachuKaiujy 1a Ju ce Ha 0] Haaa3n
MadJKa WM He, a Ha u3ja3y ce jgobuja Bpeguoct 0 wam 1.

Cmuka 11: Ciuka BeJUKUX JIUMEH3Uja Ha yIa3y y MPEXkKY

Yrommko je camka 11 numensuja 1000 x 1000 X 3 (mocsetba AuMeH31ja 3 0JJHOCH HA TPH
OCHOBHe 00je Koje ce HaJlaze y IUKCeIy: [[PBEHY, 3eJeHy U IIJIaBy), TO 3HAYM /1A je BeJnInHa
ysnazuux nogaraxa 3000000.
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Cimka 12 nmpukasyje HeypOHCKY MPeXKY K0joj je mpocsiehena cimKa HaBeJIeHIX JIUMeH3uja,
[a ako ce MpeTrocTaBu na npBu cjaoj uma 1000 mHeypona, TO 3HAYM Ja OM camMO MaTpUIA
TezknHA Be3a m3Mely npsa jBa ciioja nmasta gumensuje (1000,3000000), a tajia n3padyHaBambe
1OCTaje HEm3BO/bUBO.

Lgm (\s00,2 ™)
Z b;“\'nq

-

Cnuka 12: [IpeBesnka BesimamHa mojaTaka Ha yaa3y y MPEKY

Omneparja KOHBOJIYIIMj€ je je/iHa OJ OCHOBA 3a IPaB/bEIbe KOHBOJIYIIMjCKE HEYPOHCKEe
Mpexke. M3BprinaBame onepalyje je mpuka3aHo cjejgehoM CIMKOM U Ha O] ¢e BUJIU Ja Ce
Ha yJja3y HaJIa3u yjaa3Ha MaTpulla JuMeHsmuja 6 X 6 m HaJ HBOM ce M3pIIaBa KOHBOJIYIIH)A
npumMenoM 3 X 3 duirepa, jia Ou ce Ha W3J1a3y HAILIA MaTpUIla JuMensuja 4 X 4.

Ixl 4 lel 2 + 0% 0t 07 He® + Ll 4wl +Um—\ = -
301274 " conudion
S5 8931 Tol <
897125 13 y \O“_I _
0/1/3|1]7]8 Tolo
412(1]6(2|8 T
2(4(5[23]9 (e x
L6 -

Crnuka 13: Omneparuja KOHBOJTyTIHj€

Omnepaiija ce u3BpIIaBa Tako MTO je BpeaHocT mosba (1,1) y u3naszHoj Marpuim, jeHak
30Mpy NPOM3BOJA YIaHOBA HCedKa (quMensuja dbuarepa), yjaasHe MATPUIE U UJIAHOBA
dbuinrepa.  Uceuak (aumensuja dbuarepa) ce momepa jeJHO T0Jbe y CTpaHy (OJHOCHO Y
caenehin pe) n U3BpIABa ce MCTH MOCTYIAK.
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Kpo3z npumep demexmosarva usuya he 6utn objaiimen paji KOHBOIYIIMjCKE HEYPOHCKE
mpezke [10].

[IpuMeHOM MHOTO CJIOXKEHHjUX HEYPOHCKHUX MperKa y OJHOCY Ha OHEe KOje Cy IpUKa3aHe
y MPETXOHOM TIOTIIOIIaB/by, Moryhe je pemmTu mpobseM Jerekimje jura. [IpBu ciojeBu
6u jerekToBaN npeaase 6oja (usuye), CpesibY CI0jeBU Haslase jesiose Juia (09u, HOC . . . ),
JIOK OM BHUIIM CJI0jeBU Ha OCHOBY THX HHQOPMAINja HAJIASUIN JIAIIA.

Cajsia he OouTu objallbeHO peliaBarme IMPBOr Clydaja JAeTeKIrje UBHIa ca ciauke 14,
[IPUMEHOM KOHBOJIYIIM]CKUX HEYPOHCKHUX MPEKA.

Cmuka 14: Iloctynak jgerekimje Jura

Heka je zamaraxk ja ce JeTEKTY]y 6epmukaiHe usuue, a Ha yaa3y ce Haja3u
jennocraBHa Marpuna. Criumka 15 mpukasyje W3BpIIeHy olepalnjy KoHpoJyimje. Behe
BPEJIHOCTU Y MaTpHUIlaMa ce OJHOCE Ha jade OCBET/beHhe MHUKCcesa, Ma ce Ha M3J1a3y BUIU 13
je y cpeqwHU CBeT/IHWje, a ca CTpaHe TaMHHUje, TITO ce YNTa Kao BEPTUKAJIHU TIpesia3
CBETJIO-y-TaMHO.

L \

10/10|10
10/10|10
10/10/10,

30(30
30(30

O | O O O«
O o oo

o|o|lollo|lo|o
o|lo|lo|lo|lo|o
o|lo|lo|o|lo|o

— * 0|-1| =
10{10[10 30(30
= 0[-1
10/10/10 - 30|30
10(10{10| 0 (L
&x( i

£\
Cruka 15: Beprukasina uBuiia, mpejia3 CBETIO-y-TaMHO

Ykoauko O ce Ha yjaa3y yMecTO MATpHUIle TJie je CBeT/Iuja JieBa II0JIOBUHA, HAIILIA
MaTpHUIa Koja IpeJcTaB/ba CJAUKY WBUIE TJe je JecHa CTpaHa CBET/INja, U3Ja3Ha CIINKA
(mocsie KoHBOJTyTIMje) O MMaJsia TAMHIJU JIe0 y CPeJIMHA, a Ha KpajeBuMa O6u Ouia cBeTmja.
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[Toenra je sa je u3BpIIaBameM KOHBOJyIHMje KopuihemeM pasinantux dbuiarepa moryhe
JIETEKTOBATH PA3JIMIUTE UBUIIE.

C' 063upom da nOCMOJu MHO20 PASAUNUMUT UBUUA, G MWUT06G 0eMEKUUa CE 6Pl
NPUMEHOM PABAUNUMUL HUAIEPE . 6PEOHOCTNU NODA MAMPULE GUAMEPA CY PASAUUNE,
moeylie ux je nocmampamu kao napamempe Koje je nompebHo NpPocaeoumu MPeHcy Ha
mpenupare |11].

wp w2 w3
Wy Wy Weg (20)
Wy Wg Wy

[Ipu uzBpInaBamwy KOHBOJIyIHje je MOryhe j1a ucedak ysra3He MATPUIE MHOTO IIyTa IIOKPHje
110/ba KOja ce Hajla3e y CPeJIMHU MATPHUIE, a CAMO jeJIHOM ,II0CeTH I10/ba Ha WBUIIL.

Yeomn ce momymaBarbe wmartpuie (padding), a To je moCTymak IpONIMPHBaMbA
MaTpHIle, 9uMe ce J00Huja Jla Mcedak, KOju ce IoOMepa 3a jejlaH KOPakK, IOCETH I0Jha Ha
WBUIIM BUIIIE ITyTa HEro IIpe JIOMyHe.

OBOM TEXHHKOM Ce pelraBajy JBa IpobJieMa U IMOCTUKE Ce:

e Jla ce Ha u3s1a3y Halje Mame nndopmanuja Koje ce oJJHOCe Ha CpeuHy MaTpurle (cimke)
e uyBaibe nH(MOPMAIIja U3 M0Jba Ca MBUIIE CJIUKE

[Tosba KOjuM ce miporupyje MaTpuiia uMajy BpeHocT (), 1ma He yTUdy Ha pe3yJ/ITar.

0
0
0 (21)
0
0
0
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Jomr jenma TexHuKa, KOjOM ce J00Mja HU3Ja3HA MATPUIA MarmbuxX JIUMEH3uja, je
KouBoaynuja ca Behum kopakom (Strided convolution) u pasiukyje ce y xopaky
(stride) xkoju mcevak mpaBu Kpo3 yJIa3Hy MaTpPHUILY.

Y
2 |3 2 |9
6 |6 4 |3
3 |4 9 |7 31414 q| [\eo
7 |8 |3 |6 |6 |3 |4 * 0 -
4 |2 (1|8 (3 |4 |6 -1]0
312 (41|19 |8 |3 3%}
0|1 (3|92 |1 |4 Steide =3
¥

Crauka 16: Konposrynmja ca BehuMm KopakoMm HCedKa,

YKouKo ce Ha yia3y Habhe ciauka JJUMEH3Uja n X N U Tpeba U3BPIIUTU KOHBOJIYIIU]Y
kopumifiereM dbuarepa qumensuja f X f, rie je kopax (stride) s, a donyna (padding) p; Taga
j€ TMMeH3Mja n3JIa3He MaTpuile:

{n+2p—f+1J y {n—l—Qp—ijlJ

S S

Cnmka 18 npukasyje jejaH €10j KOHBOJTYIIMjCKe HEYPOHCKe Mpexke. Ha m3iazy ce Hamazu
akTuBanuona dyunknuja ReLU, nedpunucana xao:

f(z) = max(0,x), (22)

a MpUKa3aHa je Ha HapeJIHO] CJIUITN:

10 { — RelU

-10.0 =75 =5.0 =25 0.0 25 5.0 75 10.0

Cmuka 17: ReLU dynxkimja

Y mpumepy ce Ha yna3y HaJla3e TPU MATPHIlE W MOKa3y]y BPEIHOCTH IIPBEHe, 3ejleHe U
miaBe 0oje y MUKCeTUMA.
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WsBpmraBajy ce jBe KOHBOJIyIWje NpUMeEHOM JjBa pasumunta duinrepa, a ReLU

AKTHUBAIMOHO] (pYHKIHjU ce mpociehyje pe3yaraT KOHBOIYIIHje yBehaH 3a mpar akTuBaIldje.
Ha wmznazy ce nasmasu marpuiia guMmensuja 4 X 4 X 2.

— \l&(@ 4+ \3( ) —%@
3x3x3 Yy s
|3
(
3x3x3 Yk tey

Y X4

Ciouka 18: Ilpumep cioja KOHBOJIYIIMjCKE HEYPOHCKE MPEXKe

OHo 1mTO je OUTHO Jla ce NMPUMETHU je Ja KOJIMKO TOJ A je CJAMKA BeJHnKa,
Opoj mapameTapa 3a TpeHupame je nedunHHCaH AUMeH3njama puiirepa, jep cy To
BpeJHOCTH Koje ce npuarohasajy [12].

Ha npumep, ako nocroju 10 dbuarepa mumensuja 3 X 3 X 3 (27 napamerapa) u mpar
aKkTHUBaIMje b 3a cBaKu, 3HAYN J1a I0CcTOju YKyIHO 280 mapaMerapa 3a TpeHHpabe, 6e3 063upa
Ha QUMEH3UE CAUKE HG YAa3Y!

Bpio gecto je marpuiia Ha M3/1a3y BeoMa BeJIMKA W MOXKJIA jy je IMOTPeOHO CMAbUTH,
a Jla IPUTOM TJiaBHe odauxe Oyay cadyBame. OBo ce noctmke CliojeBUMa yApyKUBaHKba

(Pooling layers) u ciuka 19 npukasyje jeJian THII KOjU ce HA3UBa YOPYscusare Makcumyma
(Mazx pooling).

L¥L

G4

Cmuka 19: Max pooling

[Iponenypa je ciimvdna Kao U ca KOHBOJIYIIM]OM, jep ce Jedunuiie JuMensuja puirepa Tj.
ucedka f u BeamumHa Kopaka (stride) s.
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Yopyorcusare maxcumyma ce pasziauKyje oOJ KOHBOJIYIHje IO TOME INTO Cajla HeMa
napamMerapa kKoje Tpeba TpeHupaTu, Hero je oreparuja dbukcaa. MakcumasiHa BpeJHOCT
Y UCEeYKYy ce ynucyje y m3ja3Hy MaTPUILy.

Nneja je na ykoauko mocroju Beha BpeHOCT Koja yKa3yje Ha HeKH MpeJia3 Tj. 00Auky, OHa
he 6uTu cadyBaHa u y m3aa3HOj Marpunu (Kao 6poj 9 Ha cyuIm), a YKOJIUKO CY BPETHOCTH
npubJIMyKHe, yIHucaHa BPeIHOCT je camo Majo Beha ox ocramux (6poj 2 ca ciuke je 610
OKpYy2KeH 1, HUje BeJIuKa pa3Jiuka . .. ).

Be nmpegHnocTy kopunihema KOHBOJIYIUJCKUX HEYPOHCKUX MpeXKa Cy:

o Jlesbeme mapamerapa: puiaTep KOju JeTeKkTyje ojipehere usuue y jeJTHOM Jiely CIIHKE,
BpJIO BepoBaTHO he mojjeiHako 100po pajuT U y JApyroM Jesy ciauke. Ako 6u ce Ha
yJIa3y HaJa3uia CJIMKa JuMeH3uja 32 X 32 X 3 u 6uso npuMemeno 6 5 X 5 ¢purrepa, To
6u 3Ha4MI0 Jia pBH cjioj uMa 3072 mosba, a apyru 4704.

Kanma 6u mpexka Omna nedbunncana nomnyno nosesanum caojesuma (fully connected
layers - FC), numensuje TtexkuHa Be3a usMelly oBa jBa cioja 6u  Guie
3072 x 4704 ~ 14m, mTO je IpeBHIIIe.

e Pebe zaBucuoctu (Sparsity of connections): ¥V cBakoMm cJiojy, HujeiHa U3/Ia3HA BDETHOCT
He 3aBUCH 0/ MHOTO y/1a3Hux. CBaKo 110Jbe MaTpHIle Ha U3J1a3y je n3padyHaTo U3 MaJor
ncevKa CJIMKE ca yjla3a U He 3aBUCH O] OCTAJIMX.

Konsomynujcke HEypoHCKe Mperke, OBUM OJ[JTUKaMa, oMoryhaBajy TpeHupame Ha T MAmbIM
CKYIIOBIMa ¥ TeKe J0J1a3u J0 npempenuparsa (overfitting).
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3.3 YOLO aaropuram

Tpeba paznukoBaTn KjacuduKaIlmjy ciauke Tj. oapehuBambe Kiace o0jeKTa Ha CJIUIU 1
JIOKaJIm3anujy objekTa Tj. HeroBo O3HavaBame (YOKBHpaBame). Takole, CIIOKeHUju
npobyiem Ou Omaa AgeTeKiMja objekaTa, Kaja ce Ha CJIWIM HaJla3u BUIlle oDjeKaTa Koje
Tpeba KiacudukoBaTn u o3HaduTH (JI0Kasm3oBar) [13].

Ha cyounu 20 je npukazan npumep JieTekiuje ayromobusia. BekTop y Kome ce dyBajy
HOJIAIIN O JICTEKIM)H CaJIPXKU: D - BepoBaTHONy ja je jerekToBan objekaT oapehene Kjace;
by, by, by, by, - OpojeBun Kojum ce peduHUNLY JUMEH3Uja U II03UIUja TPAHMYHOI OKBHUPA; C -
KJIaca 00jeKTa KOjH je JIeTEKTOBaH.

v y = (pc,bx ,by 9bh 9bw ,C)

p.= 1 : sepoBatHoha aa ce o6jekat Hanasu y rpaHUUHOM OKBUPY

¢ = 3 : «naca objekTa Koju je AeTekToBaH (0BAE 3 3a ,ayToMO6UN")

Cmuka 20: /lereknmja u jpedpuHUCAbE TPAHUIHOT OKBIPaA OKO 00jeKTa

[Tapamerap ¢ moxke ja Oyze uian 1e/i00pojHA BPEIHOCT KOja IIPeJCcTaB/ba KJacy WJIN
BEKTOp JnMeH3Hja Opoja Kjaca Koje IeTeKTyjeMo, Ije YIaH BEeKTOpa KOjU IIPe/ICTaB/ba
KJIacy MMa BPEJHOCT 1, a ocTajan nMajy BPpeTHOCT HYJIa.

Ako 6u Tpebasio Jia JIeTEKTYjeMO TpU KJIace:

1. memax
2. ayToMobmI
3. MOTOIMKJI

BEKTOP KOjUM C€ IPEeJICTaB/ba JIETEKIja aymomobu.sa, TJie ¢ je TPEeJCTaB/bLEeHO Kao BEKTOP
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Tj. mocToju mocebaH wiaH (6UT) 3a CBaKYy KJacy, U3IJeao 61 Kao:

De

ba ba

by by

bn bn

Yy = bw - bw ( 2 3 )

C1 0

(6)) 1

L 3 . L 0 .

Y caydajy ja y mocMaTpaHo] cJHMIM Hema objekaTa, BepoBaTHoha p. he 6utm 0, ma cy
oCTaJIu YJIAHOBU BEKTOpa HEOUTHU:

(24)

S
>

C3

Ha cmumu 21 je mpukasan mpumep /Jlemekyuje objexama kaudnum npozopuma [14].
CBaku npo3op ce MPOCJIe N KOHBOJIYIIM]CKO] MPEXKH, KOja Jiaje pe3y/aTar Ja Ju uMa 00jeKTa
y 1pocjeheHoM mceduky ciauke wiand He. [Ipozop Tpeba Ja ,JIpOK/Inu3a’ Kpo3 eIy CIUKY U
0Baj MOCTYIAK ce MOXKe TIOHOBUTHU U ca Behum nposopom.

Nneja je na he ce curypuo ymyTap HeEKOr nposopa nahu objekar Tj. ja he pesyirar
npocyiehuBama ncevdka CJIMKe KOHBOJIYIIN]CKOj Mpexku outn 1.

Cruka 21: Jlereknuja objekara KJIM3HUM ITPO30PUMA

[Ipobsiem oBakBOr HpHCTyIa je MPEBEJUKO BpeMe H3BpINaBama. Jlemexmop objexama
KAUSHUM NPO30PUMA CE MOYKE HAIIPABUTH KOpUIINemeM KOHBOJIYIIMJCKUX MpexKa U TaKBa
UMILIEMEHTAIja je MHOTO e(buKacHUja.
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[Ipennoct koja ce jo0Mja KOHBOJIYIIMjCKOM HMMILJIEMETAIMJOM je TO IITO je y jeJIHOj
ureparuju mMoryhe go0UTU BUIlE BPEIHOCTH Tj. pe3yjarara 3a Buiie npodopa. Cruka 22
puKa3yje WMILUIEMEHTAIjy demeKkuyuje o00jexama KAUSHUM NPO30PUMG  ITTPUMEHOM
KOHBOJIYTI]CKUX MpeXKa.

[IpBa Mpexka Ha Kpajy CaJp:Ku jiBa nomnyno nosesana caoja (fully connected layers).
OBa jgBa cjoja mpaBe MpoOJeM Tj. YCIHOpaBajy JeTeKInjy, jep je MoTpebHO MoceOHO
U3BpIIABAIbE 38 CBAKU npo3op Tj. ncedak ciuke. Ha Kpajy ce nanasm Softmax cjioj, unju
CBaKM YJIaH IIPEJICTaB/ba BEPOBATHONY /& je JeTeKTOBaHa Kjaca KOjoj Taj “JIaH O/roBapa.

Y npyroMm ciaydajy ce npuMemyje duarep 5 X 5 X 16 x 400, na cy nsia3He IUMeH3Hje
1 x1x400, a y HapeJHOM KOpaKy ce BpIIU KOHBoJyluja kKopuiihemem 400 duarepa
mumensuja 1 x 1. Ha kpajy ce npumemyje 1 X 1 dunrep amme ce j10061ja MOCTETIHUA CII0j
gumen3uja 1 X 1 x 4.

|
MAX POOL o)
710
5x5 2><2 %
y
14 x 14 x 3 10 x 10 x 16 5x5x 16 softmax
MAX POOL FC
_ .
5x%x5 2x2 Ix\
Qoa
14 x 14 x 3 10 x 10 x 16 5><5x16 X 1x400 1 x1x400 1x1XxX4

i 1((\5-\

Cruka 22: mmiemenTanmja KJIX3HEX TPO30Pa TPUMEHOM KOHBOJIYIIHjCKUX MpPerKa

Cinmka 23 npukasyje ciydaj Kajia Ha yina3y Hahe ciauka Behux qumensuja of 14 X 14, kao
16 x 16 mim 28 x 28.

Canma ce BUJIU TPEJHOCT y KOHBOJIYIIM]CKO] WMILIEMEHTAIUju demexuyuje objexama
KAUSHUM NPO30puUMa, Tje HIp. 3ejeHn (ropwmu-aecan) 14 X 14 mcedak yrasHe cimke, Kao
pe3yaTar jaje 3eJleHO O3HAaYeH Je0 M3/a3a.
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[ToenTa je ma cy jegHuM U3BpIIABAILEM JOOMjEHH PA3yJITaTU 3& CBE MCEYKE CJIUKE, HUCTO
je 1 3a mocJie by IpuMep Kajia ce Ha y/aa3y Hallljla CJIUKa JuMeH3uja 28 X 28.

AX POOL
5x5 2x2

e s 10 x 10 x 16 5x5x16 (1x1x400][Ix1x400) (1x1x4]

//FC
FC FC éb

—> —> m —>
5x%x5 1x1 1x1

3MAXPO0L FC FC FC Z
3 —> e —> B —>
Fo2x2 5x5 T 1x1 1x1 X

LT
16x16x3 ™ 12x 12 % 16 6% 6x16 T2 x2x400 2 x2x400 -

MAXPOOL éf
.
2x2 5x5 1x1 1x1

—>
5x%x5

Cmuka 23: /lereknmja Ha i caukaMa Behux gumen3uja

Hapesna cimka mokasyje cBe Ho3WIyje KBaJipaTa KOJUM ce IIpaBe UCEYIN CJINKe YHyTap
Kojux je morpebuo m3Bpiiutu jerekiujy. Kao mro je rope objarimeHo BepoBarHOhe J1a
ce yHyTap KBajpara Hajas3e TpaykeHH objeKTn (y OBOM ciydajy ayTomobmi) ce mobujajy
HCTOBPEMEHO 3a CBe KBajipaTe (HCedKe CJIUKe).

KonBosynujcka nMmiieMenTalmja je MHOro epukacHuja HEro Kajia ce moceOHO 3a CBAKHU
JIeO CJIMKE BPIIHA TECTHPAIbE.

Cauka 24: VlcroBpeMeHO U3BpIIaBaibe JIeTeKInja

Caza je morpebHo m3abparn HajOO/BU T'PAHUYHU OKBUP OKO oOjekta. OKBUD Ipunaja
OHOM HCEYKY CJIMKe Yy KOMe ce HaJja3u IeHTap OKBHpA.
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Hedunucan je napamerap IImyY - IIpecek npeko Yuwuje (IoU - Intersection over
Union), kojum je morylie ycraHoBUTH NpeKJallaiba JiBa OKBHUpa. llpejcraBiba OJHOC
IIOBPIIIMHA IIPpeCceKa JBa OKBUPA U HUXOBE yHU]E.

IoU = — 25
- (25)
Cnmka 25 npukasyje NnpekJiamname JIBa OKBHUpa, TIe je KyToM 060joM O3HadeH Ipecek, a

3eJIeHOM yHEja, Kao y jejnaunuu (25). dedbunumie ce u 3ajoBo/baBajylin npar, na ako je
IoU > 0.5 nahenn okBup ce mpuxBaTa; HapaBHO, OBaj Ipar je moryhe moseharn.

Cruka 25: [lpekaname /iBa rpaHUYHA OKBUPA

Ciuka 26 nmpukasyje ciydaj KaJja ce uctu objekar nahe ynyrap Bullie rpaHudHuX OKBUPA,
aJIl TaKohe CBaKM ca pa3/JIMIruTOM CUTYPHOIINY yKa3yje Ja je Taj objekar u3 ojpehene Kiace,
y OBOM CJIy4ajy Cy pasjimduTe BepoBaTHONe 1a je HaheHn ayTomMoOmI.
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Vaumajy ce y 063up okBupH ca HajsehoMm BepoBaTHOhOM, a 0J10aIlyjy OCTaM OKBUPH KOjU
umajy Besqnko npeksaname 1j. loU nedunucan y jeanaannu (25).

Cnuka 26: Buiite rpaHnvHIX OKBUPa OKO HCTOT 00jeKTa

OsBaj mocrynak ce nasuna He-Macumasino noruckusame (Non-Max suppression)
u ofbaIlyjy ce Tj. nomuckyjy OKBUPHU KOjU HEMAjy MaKCUMaJHy BepOBaTHONY JeTekIuje.

Heka je caja pesynrar mspadyHaBamba Tj. [IPpOBepe Jia JU ce objeKaT Haja3u yHyTap
npocsieheHor ncedKa CIMYaH Kao y IPUKA3aHOM BEKTOPY Y jemHaduHu (23), aaum caja HeKa
Cy M30CTaBJbeHE Kjlace, Ta je MPEeTIOCTaBKa Ja ce BPIIN IpeTpara camMo 3a ayToOMOOWJI 1
n3/1a3 je:

[TocTymak u3BpiaBarba JgeTeKInje je ofehen rnceymo-KojaoMm:
1) Oxpbanuru cBe okBupe rje je BepoBarHoha p, < 0.6
2) JIoK 1oJ| UMa HEIPOBEPEHUX OKBUPA:

(i) U3abparu okeup ca Hajsehiom BepoBaTHONOM P,

(ii) Ombamuru cBe mpeoctase okeupe rie je loU > 0.5 y oqHOCY Ha OKBHD W3
[IPETXO/IHOT KOpaKa
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IIperpara ce Bpmu Ha i cIMKOM 27, KOja je Tojie/beHa pewemxom auMmensuja 19 x 19.

Cnuka 27: Ciuka nojiesbena pewemxom aumensuja 19 x 19

Jenan oy mpobsiemMa JieTeKIyje, KOjiu ce MOXKe YOUUTH JI0 Cajia, je Jia Ce HOJby peutemxe
MOXKe JoiesnTu camo jeman objekar [16].  Cumka 28 mpukasyje ciydaj Kaja I[EHTDH
FPAHUYHUX OKBUPA NEWaAxa U aYmomodusa TPATIAIA]y UCTOM IIOJBY.

Cnuka 28: Kiracau okBupnu y ciydajy Builie objekaTa J0e/beHIUM jeTHOM IO0JbY
OBakaB mpobsieM ce perraBa JgedUHUCAILEM TPAHUIHAX OKBHPA KOJU OJIFOBAPAjy

onpebenoj kimacu (Anchor boxes) u y oBoM ciiyuajy I0CTOje JiBa, jeJlaH 3a Newaxka W
jenan 3a aymomooun.

39



o cajia cMO cMaTpaJin Jla CBaKoO 110Jbe PeIeTKe Kao U3J1a3 Jlaje BEKTOP Kao Y je/IHaunHu
(23) 1j. 10 caza je pesysrar uspadyHaBama 0mo 3 X 3 X 8, TJIe je CBaKOM MOJby OHO JI0/1e/heH
BEKTOD ca 8 YIaHOBa KOJU JIePUHHUIIY JIETEKITH]Y.

Cana je m3ma3z 3 X 3 X 16, a BeKTOp je AyIUIMpaH U NPBUX 8 WIAHOBA C€ OJHOCH Ha
JIETEKIN]Y KOja o/iroBapa MPBOM KJIACHOM OKBHUDY, & JIDYTUX 8 JIPYTOM.

_pc_ 1
bx bx
by by
bn b
bu bu
C1 1
Co 0
C3 0
y=1...| = (27)
Pe 1
bx bz
by by
bn b
by bu
C1 0
Co 1
Lcs] L0
lerekToBann objekar ce JoJieJbyje napy (momePemeTke , k1acHu0KBUD)

(gridCell,anchorBox), a objekart, ca C/IMKe HaJ KOjOM C€ BPIIU TPEHUPAE, Ce JI0JIe/byje
OHOM KJIACHOM OKBHUDPY KOjU MMa HajBehe mpek/aname ca ,JpaBuM’ OKBUPOM Tj. HajBehn
IoU (jemmaumma (25)).

VYKOJIMKO ce Ha CJUIU HaJa3d CaMo ayToMOOWs, Taja he mpBa IOJOBHHA BEKTOPA, KOja
ce OJTHOCU Ha Newlaka, MaTH UCTe BPEJIHOCTU KA0 U paHuje y cIydajy HeHajaykerma 00jeKTa,
Kao y jeauadqnnu (24).

Osaxko nedwunncana npuMena KiaacHuX oksupa (Anchor boxes) He pemasa ciydaj Kaja
ce y TIOJbY pellleTKe Hasase Tpu (miu Buie) objekara, aau ¢ o63opom na YOLO anropuram
npumerbyje 19 X 19 pemterky HaJi CJIUKOM, MaJjie cy ImaHce Jia he ce Behu Opoj objekara Tj.
IEHTPU T'PAHUYHUX OKBUPA OKO mhux Hahw y mcrom nospy pemierke. Takobe, moryhe je na
HCTOM TI0JbY IIPHUIAJIAJY JBa 06jeKTa McTe Kiace, ma cy UM u KiaacHu oksupu (Anchor boxes)
ucru. OupeljuBarme K/IaCHUX OKBUPA Ce€ MOXKE BPIIUTHU POU3BOJ/EHO (PYUYHO) UJIM IPUMEHOM
K-means ajropurama, Kojum ce TPyIUITy CJIMIHU O0jEKTH.
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YOLO (You Only Look Once) anropuram (yHKIMOHUIIE TPUMEHOM HABEJIECHUX
rexurka. Heka ce MOHOBO BPINU JIETEKIMja NEwaka U aymomobusa; a jeduHucana cy aBa
kiracHa okBupa (Anchor boxes). Yommreno, agropuram ¢yHKInoHuIe Ha caenehn Hadu:

e 3a cBaKy fieaujy pewemske je oTpebHO BPATUTH 2 TPAaHUYIHA OKBUPa (cjmKa 29, JIeCHO)
e 3aHEMapHUTH OKBUDE ca MajoM BepoBaTHONoM nerekiuje (ciauka 30, J1eBo)

e 3a cBaky Kijacy je mnorpebro wmsspmmTn He-Macumanno morunckusame (Non-Max
suppression) (cauka 30, gecHo)

Cmuka 30: OxBupn ca BesimkKoM BepoBarTHohowm norotka; zspiren Non-Max suppression

Pezynrar anropurma 6u Tpebasio jia Oyie Jia Cy CBH aymomoOuAy U Newayy Ha CJIAII
JIETEKTOBAHHU.
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4 Tpeaupame - Darknet mporpamMcku okBUp

Darknet je nporpamcku oKBup 3a JAeTeKInjy objeKara y peaJHOM BpeMeHYy U IIPeJICTaB/ba
nMvrutemenTarjy YOLO anropurma. Hammcan je kopummhemem mporpamckux jesuka C u
CUDA, onaksie u morude u3yseTHa 6p3uHa oBor cucrema [17].

Tpenupame je uzspieno Ha GoogleColaboratory Bupryennoj mamuau. Anjmkanmja ce
nokpehe Taxo 1o ce Jupyter ceecka, Koja ce najasu na GoogleDrive nasory, orsopu nmomohy
GoogleColaboratory ammukanuje. Kaja ce maroreka oTBOpH y IpeTparKuUBady, alLIHKAIIN]a
y TO3aJIMHU aJI0Ipa pecypce 3a BUPTYEJHY MAaIllWHY, MOCje dera je Moryhe m3BpIlaBaTh
heauje koma. Jupyter cBecka, kopumhena y3 amnkaiujy GoogleColaboratory, nasemena je
y smreparypu [18].

[Tocie m3Bpmasama npBux heauja riae ce kinouupa GitHub perosuropujym Darknet-a,
[IOJIEITIABA]Y HEerOBU IMapaMeTpH, u3Bpinasa nopesuBambe ca GoogleDrive najorom, morpebHo
je BaAJMJIAIMOHN U TPEHUHT CKYI MPEeOAlUTH Y BUPTYETHY MAITITHY.

C ob3upom Ja mocroje 52 Kapre y MMMy Tj. KJjace, napamerpe y KOH(QUTYPAIHOHO]
narorery yolovd-obj.cfg Tpeba MpuiarouT TaKo Jia OJIr0Bapajy CKyILy KOju TPEHHPaMO.
[Ipukazana cy npaBusa 3a jgeduHuCabE TapaMeTapa:

e width = 416 u height = 416

(oBa jJBa mapamerpa Tpeba Ja Oyiay gebuBu ca 32, 416 je craHgapiHa BPEJIHOCT, AJIH
ce pesyaraTu Mory mobosbiiatu ca 608 u Tperuparbe he 6utn criopuje)

e max_batches = 104000
(#xmaca) * 2000 (me mame o1 6000, ma ako ce Tpenupa 3a 1, 2 wau 3 kiaace 6uhe 6000,
aJIM HIOP. JIETEKTOP ca b KJjaca uMa BPeJHOCT max_batches = 10000)

e steps=83200,93600
(80% max_batches),(90% max_batches) (y ciyuajy Ja je max_batches = 10000, oHza
je steps = 8000,9000)

e filters = 171 2

(#xmaca + 5) * 3 (ako ce BpIM TpeHUpame 3a caMo jeJiHy KJacy, onja je filters =
18, anm ako ce TpeHupa 3a 4 Kiace onjia filters = 27)

Haroreka cards.names cajpku Ha3uBe Kiaca (Kapara), a jaroreka cards.data cajip:xu
Bumie uHdopMmanuja (6poj Kiaca; IyTamy JO JIATOTEKe ca IyTamaMa JI0 TPEHUHT CJINKA;
IyTamby /10 JaTOTEeKe KOoja CaJIpKU IIyTame 10 BaJUJAIIMOHUX CJINKA; IIyTalby /10 JaTOTEKe ca
Ha3MBUMa KJIaca; JUPEKTOPYjYM TJie ce 9yBajy IapamMeTpu UCTPEeHUpPaHe Mpe>Ke):

classes = 52

train = data/train.txt
valid = data/val.txt
names = data/cards.names

backup = /mydrive/Dokumenti/Fax/DiplomskiKarte/yolov4/backup

2Y nmarorernu je moTpe6HO mpoHahu ce mapamerpe classes m mocraBuTH MX Ha 52, a H3HAJ CBAKOT Ce
HaJIa3u KOHBOJIYIIM]CKH CJI0] Koju caapxku napamerap filters koju tpeba namenurtu.
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Tpenuparme nounmbe 0 MHUIMJAJIHUX BPEJHOCTU TeKMHA Be3a CAadyBaHUX y JaToTeln
yolov4.conv.137 u nokpehe ce KOMaH]IOM:

./darknet detector train data/obj.data cfg/yolov4-obj.cfg
yolové4.conv.137 -dont_show -map

IIpe TecTpama Ha CIUIN WX BHUJEY, HOTPEOHO je N3MEHNTH KOH(MUTYPAIINOHY JATOTEKY
yolové4-obj.cfg u nocrasutu batch=1 n subdivisions=1.
Tectupama HaJ| CIUKOM U BUJIEOM Ce TIO3UBAjy cJeJiehinM KoMaH 1aMa, PeCIeKTHBHO:

./darknet detector test data/obj.data cfg/yolov4-obj.cfg
/mydrive/yolov4/backup/yolov4-obj_last.weights
/mydrive/images/car2. jpg -thresh 0.3

./darknet detector demo data/cards.data cfg/yolov4-obj.cfg
/mydrive/Dokumenti/Fax/DiplomskiKarte/yolov4/
backup/yolov4-obj_last.weights
-dont_show /mydrive/Dokumenti/Fax/DiplomskiKarte/
video/videoTep.mp4
-thresh 0.8 -i 0 -out_filename /mydrive/Dokumenti
/Fax/DiplomskiKarte/video/videoTep_08Thresh.avi

[Tapamerap -thresh 0.8 omoryhaBa ja ce Kao pe3y/ITar IPUKazKy caMO OHe JIETEKIIH]je
rie je BepoBaTnoha > (.8.

Cnuka 31: Tecrupame Hal BIIEOM

Jlereknmja y pesnom Bpemeny ca WEB kamepe ce mokpehe komanmoMm:

./darknet detector demo data/cards.data cfg/yolov4-obj.cfg
/mydrive/Dokumenti/Fax/DiplomskiKarte/yolov4/
backup/yolov4-obj_last.weights -c O
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4.1 IIpomene koHduUrypamnmja TOKOM TPEeHUPaIba

Hanpasiben je Tpenunr ckyi koju cajapzxu 50000 cimka u Basmgarmonu ox 10000 (20%
TPEHWHT CKYIIA).

Tperuparme Mpeke je IOKPEHYTO ca M3HAJ HaBeJIEHUM TTapaMeTpuMa, ajal ¢ 003UpoM J1a
je dyorcuna xopaxa npu yuewy (lerning rate) Gusa npesenauka, 3a (uUHUje MOJEIIABALE je
6usio orpebHoO mocTaBuTu 0Baj mapamerap Ha spegaoct 0.0001 [19]. Tpenuparme ca MamboM
Bpeanomhy mnapamerpa lerning rate je mokpenyro ox 3000. ureparmumje um Beh ma 3400.
UTEPAIMjU PE3Y/ITATH IIPU TECTUPAIbY Cy OMJIM BPJIO JIOOpH.

Ha 3000. wrepamnuju Mepa TadyHOCTH Mpexke HaJ TpeHumHr ckymoMm (Mean Average
Precission - mAP) je 6una oko 97.5% u npu TecTuparsy HaJ BUJEOM JIE€TEKIUje HUCY Ouse
TavHe.

[Tocme tpenupama ox jomr 400 wurepanmja ca MambOM BpEIHOIINY IapamMeTpa
lerning rate, Mean Average Precission - mAP je usnocmo 100% wHaj TPEHUHT CKYIIOM.
Kowmana 3a nzpagynasame mAP:

./darknet detector map data/cards.data cfg/yolov4-obj.cfg
/mydrive/Dokumenti/Fax/DiplomskiKarte/yolov4/
backup/yolov4-obj_3400.weights

WsBprmrene cy n3mene mapamerapa width n height m nmocras/benn Ha 608, ma 6m Mpexka
busa 6oJbe npusiarohena Behoj pezosrynuju Kamepe.
Ha kpajy cy xopurnihenn texxunckn KoedunujenTtu mnocsie n3ppiennx H400 ureparimja.

4.2 PesynTaTtu TpeHUpama

Y GitHub penosuropujymy Diplomski rad - YOLO detekcija, HaBeeHOM y JInTEpaTypu
[20], ce namaze:

® TEXKWHCKU KOeDUINJEeHTU UCTPEHUPAHE MPexKe
e CHMMaK HaJ KOJUM je U3BpIIIeHa JIeTeKIja

e IIpUMepP CHUMKA KapTe MO/ pa3JnIuTUM OCBET/bEeIbeM, KOjU je KOPHIITheH 3a IPaB/behe
CJINKA TPEHWHT CKYIIa

o [TEX ko oBor pajia
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5 3akJbydak

Jejlan o)1 M3a30Ba OBAKBOI IPOjEKTa je TO IITO je MporpaM IMOTpeOHO PUIATOIUTH
crBapauM (dusnukum) objekTuMa. [Ipu mpunpemu TpeHHHD cKyna Tpeba CHUMUTH KapTe
10J1, IIITO Pa3HOBPCHUJUM OCBETJHEH-EM, N/ KapaTa Mopa Jia Oy/ie MPeru3Ho OJIITaMIIaH,
[I0JIJIOTa Ha KO0jOj ce Haja3u Kapra Tpeba ja Oyie HeyTpaJiHa . . .

Kondurypannone napamerpe TpeHupama HaJl CKYIIOM je MOTPEOHO MemaTh y CKJIAJLY ca
oboJbINIAEM, Y BUJLY CMalbuBarba (BYHKIIMje TPOIIKa U rnoehama TavHOCTH HaJ| TPEHUHT
ckymoM. C 003upoM J1a TpeHWpame Tpaje HEeKOJIUKO CaTh, Pe3yaTaT MMPOMeHe HEeKHX
rapamMeTapa HUje oJIMax BUJIJbUB U y3UMa MHOTO BPEMEHA.

Teopujucku jeo y pajy je HaBelleH jia OM ce CTeKao yBHUJ y HAUWH pajia aJropuTMa.
YOLO (You Only Look Once) anropuram je HeBepoBaTHO edukacan, a To cBe 3600
MPUCTYTIa JIa ce CJNKa IocMaTpa Kao IeJIMHa U Y jeJIHOj WTepalliju W3BPIIaBa JICTEKIIN]ja,
(He u3BpIIaBajy ce JeTeKIMje HAJ JEJIOBMMa CJIMKe, a y HAPEHO] HUTepaliju 30HPHO
[OCMATpajy pe3ysITaTu, OBO je CIOpHUje W Taj IPUCTYI UMajy HEKU JPYTU aJTOPUTMH).

YOLO ajiropuram 3a JeTeKIujy y peajJHOM BpPeMeHy je M3y3eTHO MOohaH M MoxKe OUTh
[IPUMEILEH HaJI TPOU3BO/bHUM OOjekTuMa. Tpeba uMmarTu y BUy Ja MOKE OUTU IPUMEHHEH U
3a mocMaTpara Ha jaBHUM MectuMa. [yaBHu aytop paga o YOLO amropurmy, Joseph
Redmon, je pajgmo m ma pas3Bojy wuMILIeMeHTaluje ajropurma, Darknet mporpamckom
OKBHUDY, ¥ IIOByKao ce ca IIpojeKTa W3 eTUYKHX pazJjora, jep je Omo 3abpuHyT 3a
yIpozKaBarbe IPUBATHOCTH JbY/IH, & aJIr'OpuTaM je 6uo yrnorpeb/baBaH U y BOjHE CBPXE.

Sajusibyjyha je aumbeHuIa Ja je cajia padyHap crocobaH Jjia eudu, a Jia Cy TeOpUjcKe
ujieje M3HETEe y OBOM paJly U OMOJIMOTEKe 3acTyIl/beHe y objiacTu MallnHCKOr yuera IIPBU
IIyT UMILJIEMEHTUPAHE y OJIMCKO] MPOIIJIOCTH.

HecymmuBo je ma he, mo pedmma Mor MeHTOpa, pa3go] Bewmauke ummenuzenyuje
obenescumu nawe Kapujepe.
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convolutional-neural-networks/lecture/8Donz/more-edge-detection

Andrew Ng, One Layer of a Convolutional Network, [Iarepuer xkypc| Convolutional
Neural Networks, npucrynbeno (cenrembap 2020.) Ha
https://www.coursera.org/learn/convolutional-neural-networks/lecture/
nsiuW/one-layer-of-a-convolutional-network
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https://github.com/geaxgx/playing-card-detection.git
https://stackoverflow.com/questions/48319918/whats-the-theory-behind-computing-variance-of-an-image
https://stackoverflow.com/questions/48319918/whats-the-theory-behind-computing-variance-of-an-image
https://docs.opencv.org/trunk/d4/d73/tutorial_py_contours_begin.html
https://opencv-python-tutroals.readthedocs.io/en/latest/py_tutorials/py_imgproc/py_morphological_ops/py_morphological_ops.html
https://opencv-python-tutroals.readthedocs.io/en/latest/py_tutorials/py_imgproc/py_morphological_ops/py_morphological_ops.html
https://docs.python.org/3/library/pickle.html
https://github.com/AlexeyAB/Yolo_mark/issues/60
https://towardsdatascience.com/machine-learning-for-beginners-an-introduction-to-neural-networks-d49f22d238f9
https://towardsdatascience.com/machine-learning-for-beginners-an-introduction-to-neural-networks-d49f22d238f9
https://stats.stackexchange.com/questions/179026/objective-function-cost-function-loss-function-are-they-the-same-thing
https://stats.stackexchange.com/questions/179026/objective-function-cost-function-loss-function-are-they-the-same-thing
https://www.coursera.org/learn/convolutional-neural-networks/lecture/Ob1nR/computer-visions
https://www.coursera.org/learn/convolutional-neural-networks/lecture/Ob1nR/computer-visions
https://www.coursera.org/learn/convolutional-neural-networks/lecture/4Trod/edge-detection-example
https://www.coursera.org/learn/convolutional-neural-networks/lecture/4Trod/edge-detection-example
https://www.coursera.org/learn/convolutional-neural-networks/lecture/8Donz/more-edge-detection
https://www.coursera.org/learn/convolutional-neural-networks/lecture/8Donz/more-edge-detection
https://www.coursera.org/learn/convolutional-neural-networks/lecture/nsiuW/one-layer-of-a-convolutional-network
https://www.coursera.org/learn/convolutional-neural-networks/lecture/nsiuW/one-layer-of-a-convolutional-network

[13]

[14]

[15]

[16]

[17]

18]

[19]

[20]

Andrew Ng, Object Localization, [Inrepuer xypce| Convolutional Neural Networks,
npuctyibeno (cemrembap 2020.) Ha https://www.coursera.org/learn/
convolutional-neural-networks/lecture/nEeJM/object-localization

Andrew Ng, Object detection, [urepuer kypc| Convolutional Neural Networks,
npucrymbeno (cenrembap 2020.) wa https://www.coursera.org/learn/
convolutional-neural-networks/lecture/VgyWR/object-detection

Andrew Ng, Convolutional Implementation of Sliding Windows, [Intepuer Kypc]
Convolutional Neural Networks, npuctymbero (cenrembap 2020.) Ha
https://www.coursera.org/learn/convolutional-neural-networks/lecture/
6UnU4/convolutional-implementation-of-sliding-windows

Andrew Ng, Convolutional Implementation of Sliding Windows, [ateprer Kypc]
Convolutional Neural Networks, npuctynbero (cenrembap 2020.) Ha
https://www.coursera.org/learn/convolutional-neural-networks/lecture/
yNw00/anchor-boxes

Darknet: Open Source Neural Networks in C, npuctymbero (cemrembap 2020.) Ha
https://pjreddie.com/darknet/

Running a YOLOv4 Object Detector with Darknet in the Cloud! (GPU ENABLED),
npucrymbeno (cenrembap 2020.) Ha https://colab.research.google.com/drive/
1_GdoqCJIWXsChr0iY8sZMr_zbr_fH-OFg7usp=sharing

Playing card detection with YOLO, npucrynbeno (cenrembap 2020.) Ha
https://youtu.be/pnntrewHOxg

Diplomski rad - YOLO detekcija, npucrymbeno (cenrembap 2020.) wa https:
//github.com/aleksavelickovic5762015/Diplomski-rad---Y0OLO-detekcija.git
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https://www.coursera.org/learn/convolutional-neural-networks/lecture/nEeJM/object-localization
https://www.coursera.org/learn/convolutional-neural-networks/lecture/nEeJM/object-localization
https://www.coursera.org/learn/convolutional-neural-networks/lecture/VgyWR/object-detection
https://www.coursera.org/learn/convolutional-neural-networks/lecture/VgyWR/object-detection
https://www.coursera.org/learn/convolutional-neural-networks/lecture/6UnU4/convolutional-implementation-of-sliding-windows
https://www.coursera.org/learn/convolutional-neural-networks/lecture/6UnU4/convolutional-implementation-of-sliding-windows
https://www.coursera.org/learn/convolutional-neural-networks/lecture/yNwO0/anchor-boxes
https://www.coursera.org/learn/convolutional-neural-networks/lecture/yNwO0/anchor-boxes
https://pjreddie.com/darknet/
https://colab.research.google.com/drive/1_GdoqCJWXsChrOiY8sZMr_zbr_fH-0Fg?usp=sharing
https://colab.research.google.com/drive/1_GdoqCJWXsChrOiY8sZMr_zbr_fH-0Fg?usp=sharing
https://youtu.be/pnntrewH0xg
https://github.com/aleksavelickovic5762015/Diplomski-rad---YOLO-detekcija.git
https://github.com/aleksavelickovic5762015/Diplomski-rad---YOLO-detekcija.git
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