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UWluwwnwuph  wpnhwwunieyniup:  <Gunwppppnipiniu ubplywjwgunn
wwpwdpubpu  pungpynn  wbuwpwpbpnd  opjywnubiph  hwjnuwpbpdw,
Swuwsdwu b imbnnpnodwl fuunhpubpp  ubpYuynuwiu (wju Yhpwnnientu niuku
wbuwhuydwu, nnpnunwwnbfuuhywih, wwwnybpubph npnudwu (hwdwgwugnd U
dtdwowyw| nyjwiubipnud - big data), pdayniejwu, unnponjw ulwuwynpdwu U
wj| ninpwnubpnud: Uwutwynpwwbu.

e Opjwnubph hwynuwpbpndp b dwuwsnwdp Guplnp W jwyu Yhpwnnteniu
niup  wbuwhuydwu npnpund: - Uudunwugnipjut hwdwwpgtpnud wyu
huwpwynpnigntu - £ pudbnund twjuwwbu  hwjnuwpbpb, quwhwwnb)
hpwyphtwyp b whwquugb] wugwulwih Gplnyeh dwuhu:

e huptwlwnwywpynn  wywnndbptuwubpph  hwdwp  (op.  Shujw)
wwwnlbpubiph ybpindnieniup Yhpwnynud £ upwugnd ubpnpwd hwdwlywnpgnd
wwppbp  dwpwnwhpwybpubpht nénwWubp wwne hwdwp: Wnwhuh
dwpwnwhpwybipubphg U Swuwwwphwhu ugbuwph npnondp b Jwpnpnh
qanuntpjwu wuwnphtwup quwhwwnnwip wnbuwfughlhg wnyjwuiubnh
hwyjwpwagpdwu dhongny: huptwywnwywpynn wywnndbiptuwubpnid
wwwytipubph - Jepwdwlydwu  wignphedh - hhduwlhwu - fuunhpubiphg  dbyp
opowyw  dhowdwiph  wpniuwlwywu  JGppndngggniut F bW huwpwynp
thnthnfunigyniuubiph Ywutuwwbunwp:

e Mwuwbpubph ybpinwdnieniup Yhpwnynwd £ twlb nnpnunwnbjuuhyuwynid,
pny] wwny nnpninubpht  hwjnuwpbipt] opjtywutpp, Gwuwsh] L npnoby
hGwnwqw  gnpdnnnuginiuubipp opjtlwnh  hbw,  opptwy'  hwjwpwagnbp L
wbnwihnfubi dh ywyphg djnwip: Yphpwnynid £ bwbe wgunnwpunwnpniegjwu dbe:

e Pdoynipyw db9 wwwlbpubiph ybpnwdnieiniup ogqunwgnpdynud £ x-ray
wwwnybpubpnd swpnpwly gnjwygniegniuubph hwjnuwpbpdwu b dh owpp wy
gnhpdpupwgubipnud:

e hdph Unyuwlwuwgnup Jd6& Yuplnpnieniu ntuh wudh hupuniegyntup
okt hwdwp:

e Yhpwnnipntu  nwih  huswbu  hwdwgwugnd, wjuwbu b dGdwdwyw
wnyjwiubipnid (big data) b wbuwujnipbpnd wwwnybpubph npnudwu hwdwp: Wu
ninpunubpnud Yuipnn b Yhpwnyb) hbnlyw) uywnwlubpnd' hwuwuw) wwwnybph
pnjwunwynipyniup, nwuwlbwngb] wwwnybpubipp pun wnbuwlh, hwjpnuwpbnt;
wnwudhu opjtyunubp wwwnybpubipnud:

Uwmbuwfununypjuwt tywwwlyu E dowybp  wwwybpubpnd i
wbuwpwnpbpnd  opywubph  hwjnuwpbpdw, Swuwsdwu W nbnnpnodwu
wpwgwagnpd  wignpphpdubp, U uwbndt]  wbuwpwpnd  opjtlwubph
hwjnuwpbpdwl, Gwuwsdwu U wmbnnpnodwu dpwgpwiht hwdwlwpg:



Chwnwgnundwl dEpnnubpp. <Gnwgnndwu Jdbpnnubp Bu hwunhuwunt'
w/ wbuwfughyh dhongny opjtlwnubiph hwjnuwpbpdwu dbennutipp, huswbu
ohunugyniuubiph  ubpund,  wjuwbu E  pwg  wwpwdniwu  Jdb'  |nyup
hunbuuhyniejwu thnthnfudwu nbwpnid; p/ udnipwjhu
hwlwwwwwufuwubgdwdp  opywnubph  Gwlwsdwu  dbennubpp; g9/
wnbuwlughlhg opjtlwubph htnwynpniejwu npnadwu dGpnnp:

UWluwwnwuph twywwwlu nt jpunppp: Lywwnwlu £ dowybp oplywnubpp
hwjnuwpbpdwy, dwuwsgdwu W wnbnnpnadwt hwdwihp hwdwywpg: fuunhpp
hpwywuwgubnt hwdwp hwplwynp £ hpwgnpdtip hbunlyw| Yenbpp.

o Uowlbty hwjnuwpbpdwtu dbpnn, npp hp dby  Ubpwnnd £ ow/
Stuwpwpnu pwqdwphy opjtyunubph wpwqugnpd hwynmuwpbpnud; p/ pwpuywd
opjGlwnubiph hwjnuwpbpnw; g/ Yend phpwiuutiph hwywnuwpbpnd U $hpinpnud; n/
wbuwhulyynn  wwpwsépnd  |nyuph  punbuupynigwt  thnihnfunyejwu  futunph
[(nwnid:

o Uowyb) dwuwsdwu dbpnn, wwwhnyb pwpdp dwuwsdwl donnipiniu b
wpwagwgnpdnuyeyniu' w/ Unyu nwuht wwwlwunn pwqdwqwl  opjtlwnubph
nbwpnid; p/ mwpwwnbuwy oplywnubiph nbwpnid:

e Uowybtp wbuwhuydwu hwdwpp hwdwlwpg w/ ppwlwuwgul)
wnbinnpnonid; p/ opjluinubipp pwpwunbignud wpnwwwwnybipbint hwdwp twfuwgdb)
pwpnunbquagpwlywu gnpdhp:

e Jbipp upwd pninp dbennubiph hwdwp dowyt) Spwgpwihu hwdwlwpg:

Ghunwlwt unpnypep:

o Uowlyt| £ wmbuwowpbpnd opjtynubph hwjnuwpbpdwt wpwqwuagnnd
wwppbpwy'  $nuwjht quundwu  dbpnnh  dnnh$hlwghwih  ounphpy:  Uju
pwywpwp Gogpuinypjudp  hwjnuwpbpnud £ $nund pwpudwd  opjtlwnubnp,
npnup inbuwubijh s6U wugqbu wsphu:

o Uowlyt| £ ytind phpwiuubph hwjnuwpbpdwu unp dbenn, npp pnyp &
wwihu hGnwgnunbp $nup, hwjnuwpbiptp  hGwnwppppnieyniu subipluwjwgunn
opjtiywnubpp U htnwgub:

e Optywutph  hwwnuwpbpdwu-Gwuwsdwt  wpwgwgnpd  hwdwlwpg'
wnbuwownnd mwpwnbuwl opjtlyunubiph wnfwyniejwu nbwpnud:

Upmyniupubpp Yphpwnwlwu tywuwlnipyniup:

Opjywubph  hwjnuwpbpdwt, Swuwsdwu W wbnnpndwt  hwdwywpgp
Gwpnn £ oguwgnpdyt]  pwqdwpehy  npnpuubpnd’ wwwnbbpubph b
wbuwuyniebiph Ybpindnipjwt wwpwpunye fuunphutiph (nbdwu hwdwp:

Opwgpwiht hwdwlwpgp dwutwynpwwbiu Yupnn & ogunwagnpdyb| hbiunlyw
wnbuwhuydwu nmwpwsdph wuywnwugnypjui ywhwwudwu hwdwp:



Muwunwywunipjuwup ukpywjugynn npnypubpp:

* Optywubph hwjnuwpbpdwu  hwjnup  dbennubph  hhdwtu  Ypw
dowyywsd hwjnuwpbpdwu unp dbpnnp U Upw Spwgpwiht hpwywuwgnidp:
Ubpnnp ubpwnnd £ dnund  Ybnd phpwjuubph  hbnwgdwu, pwpluywd
opjywnubph  hwynuwpbpdwu U |nyup  hunbuupynijwt  thnthnfuntejwu
hwaywnyh dbennutipp:

= Ldnywhu hwldwwywwnwufuwubigdwu dbipnnp, opjtiywnubpp
hwjnuwpbpdwu-6wuwsdwt hwdwywnpgp W tnbnnpnanuip:

»  Sbuwpwpnu opjtywnubph hwjinuwpbpdw, dwuwsdwu b nbnnpnadwu
unp bW wpryniuwybn dpwgpwihu hwdwlwnpgp, npp ubpwnnd £ ybpp upqwd
pninp dbennubipp U upwug wignphpdwlwu hpwlwuwgnuubpp:

UWuwwnmwuph  wpryniupubph hwjwuwmpnipyniup hpduwynpynwd £
dowyqwsd  Spwgpwihu hwdwlwpgh  Yppwndwdp  unwgywsd  dh wpp
thnpduwlwu wpryniupubipny:

Uofjuwwnwuph wuwpnpwghw: UwnbUwfununtgjwu hhduwywu
wpryniupubipp ubpluywgdty Gu' 1. Snbywwnwlywu wbuuninghwubph 11-pn
CSIT 2017 dhowqgujhu ghunwdnnnyntd;

2. Yppniejniu b Ywphbipw EXPO 2018 (Education and Career EXPO 2018)
dhowgqwiht dwutwghwnwgywd gnigwhwuntunud, Gpuwuh dwpbdwwnhlyulwu
dbiptuwubph ghnwhbunwgnunwlwu huunphnnunnd: 3. <wjwunwuh Uqgquihu
Mnhnbuuhyulywu <wdwuwpwuh wwpblwu ghnwdnnnynwd 2015:

Ujuwunwuph wpryniupubph ubpnpnudip
Upjuwwwupnud  dowlqwd opjtlwnubph  hwjnuwpbpdwy, Swuwsdwu U

wbnnpnodwt  Spwagpwiht hwdwlwnpgp ubpnpdb) £ «dhubnh ESEU» PRC
wdbphlywu puybpnipjwu  hwjwunwuywyu  Jwutwéninh  Ynndhg'  nwpwsdph
wuywnwugnipjwt ywhwwudwu hwdwn:

Lpwwwpwlynudubp
Upfjuwwwuph hhduwywu wpryniupubpp ubpluwjwgdws Gu 6 ghwnwlwu
hnnqwdubpnid, npnug gwuyp pbpgwé £ ubndwagph ybponid:

Uwnbkuwfununipjuu funnigjwdpp

Uwnbuwfununigniup - pwnugwd £ wnwowpwuhg, 3 qgjuhg,
Ggpwhwugnuihg U ogquwgnpdwd gpwlywunypjuu gwuyhg:  Ugtuwwwuph
punhwunip dwywip Yuqgunu £ 115 £:
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Upluwwnwuph wnwowpwuntd hhduwynpyws £ pbidwih wpnhwywunteniup,
Suwybpwyywsd Gu bywwnwlubpu nu fuunhpubpp, huswbu twb Wwonwwunipjwu
ubpywjwgynn hphduwywu npnypubpp: Lowd U unmwgywd wpryniupubiph
ghwnwlwu unpnypubnp:

Unwoht  qiunid  uqwpwgpwd GBu  pdwht  wwwybpubpnd L
wnbuwunebipnd  opjtywubph  hwjnuwpbpdwu b Gwuwsdwu  hpduwlwu
dbpnnubpp, huswybu  Uwlb  wbuwhuydwu  hwdwlwpgbpp U Upwg
huwpwynpnigyniuubpp: 1.1 wwpwgpwdnd  puuwpyynd  Gu  opjblwnubiph
hwjnuwpbpdwu  dbpnnubpp: %nipu £ pbpdnd - wignphedh  pwpnniejwu
pwuwdlp:  Wunthbinb  uqwpwgpynud £ upqwd  dbpnnubph  thnpduwlwu
wpryntupubipp: Lodnd Gu ufwupwgpywd dbpnnubph wnwybingeniuubpp W
uwhdwuwthwynwubpp: 1.2 wwpwgpwpnd  vlwpwgnpynd £ opjtlwnubph
Swuwsdwu dbpnnupp: Uwupwdwut hbGnwgnunnigjwu Gu Gupwpyynd dh owpp
ulgpniupubip, wyn pYnwW udnh hwdwwwwnwufuwubgdwu dbpennh hhdwu Ypw
opjlywubiph dwuwsndp: Luuwpyynwd Gu wignphpedbph wpwgqwagnpdnigjwu W
Gogpuiniejw puntpwgpbnp, hwdbtdwwnybing dhdjwug htwn: Lwp 1-nwd pipJwd
£ udnp hwdwwywwnwufuwutigdwu dbennh hhdwu Ypw opjtlyuinubph dwuwsnudp:

ZpiGmlub gunlkpp

TT 7 Il I Il Il I III7
777 17777 7777

Lwp 1: Ldnh hwdwwwunwuluwubgdwu dbennh hhdwu ypw opjGlnubph
Gwuwsndp
Mubup & =M swihh wwwnltip b #5 3 #y swhh & pwuwlh opyblyn thuinpdwu
hwdwp: Ubpnnh wpwgngniup Ywjuqws £ (W ninpn hwdbdwnwlywu L)
hwidbdwwndwu wprynwupnd uwwnwpynn punhwunip wyhpubijwiht unnignudubiph
C pwuwyhg:
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C=Ff, NMnom, i=1k

Wuwnbinhg Gpunwd £, np wignphpuh wpwgwagnpdnieyntup fuhuwn Yuiujws
thunpynn opjlywnubph pwuwyhg: huspwtu swwn Gu thuwnpynn opjblwnubipp,
wjnpwu nwunwn bt wotuwwnd dbennp: Wu dbpnnp wwwhnynd £ 6§
downnipniu, uwywju thnpdbipp gnyg Bu wydbp np wjt wprynituwydbun £ opjtiyinp
Swuwsdwl  wju  fuunhpubph  nddwu  nbwpnwd  Gpp  hunpynn  opjtlwnp
wwwybpnw delu £ Mbwnp £ uwle uph), np wu nbwpnd optlnph nbuwyp
uwhdwuynw k twfuopnp b mbuwhuydwu hwdwywpgp uywunwd £ ywwnybpnid
ynuyptin opjlywnh hwymuwpbpdwup, wjunthbnle oguwnhpnop  hwyinubiny
gwnuyws opjtlywnh dwuhu:

1.3 wwpwgpwdn putwpyynud Gu nmbuwhuydwu hwdwywngbipp, upwug
wmwpwwbuwlubpp,  nbpp,  Ywnngdwdpubpp,  huwpwynpniegniiubpp W
Yppwndwu npnpunubpp: Lodnd £ punhwunyp wbuwhuydwu  hwdwlwpgbiph
wnwybnyegniuupp . U uwhdwuwwynwubpp: Unwoht  gfup  ybponud
wdthnthynd £ opjiyunubph  hwjwtwpbpdwy,  Sdwuwsdwu W hwdwihp
wbuwhuydwu hwdwywnpgbph vwhdwuwthwyndubpp b gnidsdwsd fuunhpubipp,
npnup hwplwynp k ndt| winbuwfunuwwu wofuwwnwupnid:

Gpypnpn gintjup udphpgwsd £ opEyunubph hwyjnuwpbpdwy, dwuwsdwu b
wbnnpnadwt wpryniiwytinn deennutiph W wignpphpedubph dawydwup:

2.1 wwpwgpwdpnd Jowyyb] £ w/ hwjnuwpbpdwt wpwgwgnpd dbpnn
wbuwnwounnud  pwqiwpehy  optywmubph  wnlwnigwu  nbwpnwd,  npp
hwjnuwpbpnud £ bwl $nund pwptywd (pnnunlywsd) opjtlwnubpp; p/ dbenn’
wnbuwnwounnwd (nyup hunbGuupynigjwt thnthnfunyjwu wpryniupnd wnwowgwd
fuunph nWdwu hwdwp; g/ 4tnd phpwfuubph hwjnuwpbpdwu U hbnwgdwu
dbipnn:

OpjtYwnutpp hwjnuwpbpdwt wpwqugnpé deennp: Unwohu gjfuntd
nhunwpyyws wnbuwpwpnd opjlnubph 2wpddwu hwjnmuwpbpdwu wignphpdh
pwpnnigintup <y &

Oy =NM + = iz

npinbn z-p dnunud wnyw opYnubph pwuwlu £, W =M wwwlbph
swihtipp, = = udnigh swihbipp, huly £3-p wignphedh pwpnnugniil £

Uwnbuwfunuwlwu woluwwmwupnd  hpwlwugynn fuunph nddwu hwdwp
upywd wignphpdh wpwgnieniup pwdwpwp sk, nwnp wju ywpwgpwdnud
dowyyb) £ wwwybpubph $nuwjht qunndwu dbennh dh unp  wwppbpwy:
Snuwhu quudwu dbpnnh £, wpwgwgnpdnigntup  hwjwuwn £ bwfunpn
hwjnuwpbpdwt dbpnnh wpwgnygjuup (£, = £):

Lwjnuwpbpdwt  npwyph UL wpwgwnpdnipjwl  pwpdpwgdwt  hwdwnp
hpwagnpdyt| £ $nuwjht quindwu dbpnnh duwthntuniyeiniu: Ppwlwuwgyt) Gu
htwlyw) Gpbip thnutipp:



MNuuplypubph pnipgh  Juinnignidp. Pnipgh hpdp £ hwunhuwunid
wnbuwpwnhg yYtingywsd ophghtwy Yunpp, npp Gupwpdnu £ e-gnpdnnnipjwl,
www wwwybpp thnppwgynd £ sp gnpdwlgny dh pwup wuqwd: Uw pny| b
wwihu qquwihnptu uwgbgut] wywwybpnd wndnyp b $nuwght qundwu
dhongny  wwwybpubph  hwdbdwndwtu  dwdwuwy  hwdbdwwnb]  thnpp
wwinybptip, npti £} hp htippht Yuwwuwnh wignphedh wnwgwgnpénipjwup:

fo(x, )&

" T S BT AR A
A AR L A

£ y) S

Llwp 2. Mwwnybpubiph pnipgp

Stuwpwph pupwghy wwwybph dwwphgh dbuwihnfunigywu wpryniupnid
uinwgyws pningh hhupp' fpix.3) dtlumnhgh £
hlny) = o flay)], 5= 24,

huy wwwlbph dnppugdwu’ pnipgh  Jph gbpnpg  dnwh wugdwu
wpryntupnd - unwgywé  dwwnphgh £y wbupp  hwoyynd £ hbnlyw)
pwuwaélny.

1
fley) = S—f{.ty],i =13z
[

npunbin fx,3-p wbuwawph pupwghly wwwlbph dwwphgu £, fpleylp
pningh  gpnjuijwt pbipwt £ hhdpp, & —hwwwlbph  ypw  Yhpwnynn
gnpdnnnipyniuubiph gnpdwlhgu k (grayscale, blur), g-u pnipgh 2tpwntph pwuwlu
E, & wwwnbbiph swihbph thnppugdw gnpdwlhgu t:

Swugh Ywnnigmdp pnipgh Jbpopti 2Gpgpmid. Stuwhuydwu dwdwuwy
wwwybpnwd  thnpp  opywubpp  hGwwppppnigintu s6u - ubpluwjwgunid:
Oguwwntipp  huwpwynpnipntu niup  uwhdwubint hpbu - wuhpwdbion  swihp:
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dnund uwhdwujws §X¥ swihhg thnpp opjlwnubpp Ywuwbuybu hwdwlwpgh

Ynnuhg: 2uwipp uwhdwubing hbwnn gwugp YHwnnigynd £ pun upqwd swihh
(Liwn 3):

o |l
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Llwp 3. Swugh Ywnnignwip ywwnlbpnud

Opyblpputiph hwypiptwpbpnidp. “HthuinwpYynid £ gwugh jnipupwginip Yo,
Gpt Utwh gniuwhtu {R,G,B} wpdtpp wwppbpynd £ $nupg, www wju
hwunhuwunu k opjtiywh Ytwn: SYwy Yeinh hwdwp nhunwpyynd Gu 8 hwplwu
Ytwbpp b hwdbGdwwnynid dnuwght wwwnytpp hbwn (lwp 4):

HEIEIEIES < |
s 08 ANA
Elo|@| | <l
alea|e| e e|s(B

HERHERnRNR
HERERnRnRn
DEEEEEN
Bl 7« - Bl
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Lluwp 4. Opjtilnh hwynuwpbpdwu hwdwp dwyywd hnbipwghnu dbennp

Ubtennh  wpwquwgnpényeniup  ninpn hwdbdwwnwywu £ Yuwwpynn
punhwunip £ whpubjwjht unnignuwubiph htw:
E

T [
C,:?!—+[nm]2h, i=1z, k=18
=1
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npwnbin z-p $nunud wnyw opjtlwnubiph pwuwyu k, fi-p dowldwsd dbennnid
jnipwpwugnip - whpubilh  hwdwp  A-H  unnignudubph pwuwlyu §, W xM-p
wwinybiph swihbipp, = > m-p udnigh swihbipp bl 3-p wignphedh pwpnnueniul
E, npp hptithg ubipywjwgunid £ binwinuwiht b dbwithnfudwd wwwnybipubiph dhole
whpubijwiht hwdbdwwnidubph punhwunyp pwuwyp: Pwuwduhg Gpund £, np &4
-p qquihnpbu thnpp £ pwtu £-p bW wnweoht gifund Ufwpwagpwd udnipwihu
hwdwwwuwwufuwubgdwu wignphpdh' £ pwpnnyeniup: <Gwnbwpwp opjtilywnp
hwjnuwpbpdwu hwdwp dwyjws hnbipwghnu dbennp wpwqwagnpd £ bwfunpn
dbpnnutiph hwdbdww, npp htnwgqujnu Yuwwgnigyh twle thnpdbph dhongny:

Lnyup  pumbuupynipjw  thnthnfunipjuwu  sGqnpugdwu  dEennp:
Mwpwgpwpnud  putwpyynd £ pwg wwpwdnipjuu  dby, wnbuwhuynid
hpwgnpdtijhu huwpwynp Gu nyup hunbBuupyniejwu hnthnfunteyniuubp, npnup
Yhwugbgubt  wwwybpnud  whpubjwiht  gniuwhu wpdbpubph  (R,G,B)
thnihnfunigjw, wpryniupnid pwpnwgubing Ywd wuhtuwpphtu nwpdubiny phpwtup
npnudwtu  gnpdpupwgn:  Unlw  dbennubpp  hhdugnd G uwhdwuwsd
2tdwhu(2tindw) gnpdwlgh Ypw npp Yupnn £ 6hon wofuwwnby dhwyl thnpp
Jnyuh hunbuupynipjwu thnthnfunypjwu nbwpnuw: Un huly ywwdwnny dowyybi b
dbpenn, npp wofuwwnnd £ wybh d6§ nyup punbuupynigiuu b Gnwuwlwhu
thnthntuniegyniuubph nbwpnid:

Muwpwgpwpnud gnyg &t wnpynwd pwpuywsd opjtiyunubph hwyinuwpbpnidwu
huwpwynpnyeniup:  Opjywubph  pnnupynwdp  dGd  bpwuwynigyntu  niup
nwquiwlwu ninpund: Lnnupyywsd opjlnubphtu wspny wnwppbpwybp pwpn k:
Stuwhuldwtu dwdwuwy winwhup opjlwnutipp Wwwnybpnud pwpuywsd Gu: Uu
wwpwagpwpnud putwpyynid £ uwle hwyimuwpbpdwu deennh 62gpnniejw swihh
dwuhu, npp pny| b wwihu hwjnuwpbpb) wjiu pupuywsd opjtlwnubpp npnup niubu
dtd gniiwihu udwunieintt dnuwght wwwnlybpht bW dwpnne wugbu  wsphu
hwuwubih s6u (uywp 5):

. = . _pv / ad q‘
Llwp 5. w) SGuwhulyynn nwpwdpp; p) mwpwdpnid wnyw Gu biptp opjtlwnubn, npnughg
tplynwi BU wspht hwuwtbih (quugph Jugnuutinp), huly Bppnpnp pwpuyws £ q)
Lwjintwpbpdwl wpryntupp

Ubkné phpwjuubph npnudwu b $hpupdwu JGpnnp: YGnd phpwfuubph
wnywjnipniup nmbuwnwownnu ($nunwd) hwdwlwpghtu Ywugbugund £ npnpwyp
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fuunph wnwe: Lwuh np hwjnuwpbpdwu dbennp hunpnd £ Yunpbph dhol
thnihnfunigyni, www  $nunwd - wnlw  dwnbpp, wdwbpp, funnp  puwlwu
Yihdwjwlwu wwydwuubpnd gunuybiny pwpddwu dby Ywnweowgubu Ywnpbph
dhole whpubwyht thnthnfuniginiiin: Uw - hwdwlwngh Ynndhg Ynhuwnlh
npwbu unp opjtywnutph wnlwjnyeyniu: Lodwd unp opjywnubipp Yhwunhuwuwu
ytnd phpwfuubp, npnup  nhwnwpldwu  hwdwp  hGnwppppnienu sk
ubpywjwgund U fuwuqwpnd Gu hpwlwu opjtlwubph hwjnuwpbpdwup: Uu
wwpwgpwdnd puuwpyynd £ dowydwd dbennp npp npnund £ $nund Ytind
phpwfuubph  wnlwjneyniup W phpwnpnd: - Ubpnnp  gqtpd £ wwhnud
hwjnuwpbpdwu ufuw] wprynuphg b wignphedh wybtinpn dwdwuwyh dwfuuhg:

2.2 wwpwgpwpnud dowyybp £ udnpwiht  hwdwwwunwufuwubgdwu
ulgpniuph  hpdwtu YJpw opGlnubph Gwuwsdwu dbpennp:  Lutwpyynud £
udnpubph hwdwwwwnwuluwubgdwtu  deennh  hhdwu  Jpw  opjtlwnubph
Swuwsnwp, npp  hwjnuwptpdwu  wignpppdh htun  hunbgpbind  Ywofuwunh
wnwyb] wpryntuwybin, wulwfu opjlwnubph pwuwlyhg:

Lutwpyynwd £ twl hwdwlwpgh wpfuwwnwuph  wpwgugnpdnipiniup
wbuwnwounnud nmwpwwnbuwly opEyunubph wnlwjnigjwu nbwpnwd W wuhwjwn
opjtywnubph hwynmuwpbpdwu fuunhpp:

Cwwn nbwpbpnd  wbuwhuyynn  wwpwsdpnd  wyuywnn opjtlywnubiph
nwpwwnbuwlubpp Yupnn £ |hub] pwgqiwehy, oppuwy' 10 b wybih: <Gnlwpwn
pninp opjtywnubipp dwuwskint hwdwp wbwp £ twfuopnp dowlytu opjtlwubiph
nbuwyubpht hwdwwwwnwutuwunn udniubpp:

Stuwhulydwu pupwgpnd  wbuwnwounnu  dESwdwuwdp  huwpwynp k
dpwdwdwuwy  wbuul]  uwhdwudwd  udnubppt hwdwwwwwuluwunn
opjtiwutinhg dh pwuhup, pwyg ng pninpp: Ljwpwgpyws dapnnubinh Yhpwndwl
nbwpnuwd hwdwlwpgp jnipwpwuginip opjtlynh hwdwp Yhpwlwuwguh pwquynud
wnw  pnipp udnpubph hwdwwywwnwujuwubgdwy  (Unyuwwuwgdw)
wbluuhywu: YSwfuuph t dwdwuwy, npp ninpn hwdbdwwwlwu £ whpubjwhu
hwdbdwwnwubph pwuwypt' € = EE‘:LNMﬂ[m[, i=1F&, HxM-p wwwlbph
huy #; =4 Udnigh swihbpt Gu: Wu nbwpnd dwdwuwyh Ypnwnp pudwlywt
utd E: Npwbiugh funwwihbup dwdwuwyh d6d Ynpunhg, wotuwmwupnud dowlyyby
E hwjnuwpbpdwu b Swuwsdwu  wjuwhup hwdwlwpg, npp Ywjudws sk
wbuwnwounnud wnlw optywnubph pwuwyhg: Ubpnnp huwpwynpnieniu k
pudtnund Uwjuwwbu suwhdwub thunpynn opjiyunp wbuwyp, hwdwpbiny
upwug wuhwjwn: Wuwhuny, hwjnuwpbpbing wbuwnwownnd wnw guwuyugwsd
opjYwn, Ywwnwpnwd £ hwdbdwunnud pwquind wnfw udnipubiph htw:

2.3 wwpwgpwpnid dawyyb) b Gl nbuwfughyh oqunigjwdp opEynutiph
wbnnpadwu b pwpwnbgnd  wprnwwwwnybpdwu dbpnn, npp Yujudwsd sk
wnbuwfughyh wnbuwlyhg:
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Uts wmwpwdpnd wnwppbp nbuwhuydwu hwdwlwpgbph Ywd wnwudhu

wnbuwlughyubipp Ynndhg  hpwlwugynn  gnpdnnnipjwl wpryniupnd’
Jnipwpwugniph Ynndhg hwjnuwpbpws hp opjywp nhwwpyynd £ npwbu
wnwudhu dhwynp: Wnwhny mwpwdph wdpnnowlwu wwwnybipp sh wnnigynwd
U dunw £ wuhwywn: Uwlwju gnjnigyntt niubu fuunhpubp npnug (niddwu hwdwp
wuhpwdbiomn £ wbuub] wdpnnowlwu  wwwlybpp' nhwwpybind  wwppbp
wmbuwhuydwu  hwdwlwpgbph  Ynndhg  hwjnuwpbpws  opjtlwnubpp
thnnyuwwlygywonieiniup: Uuhpwdbonniginit £ wnwowund hwdwfudpb| pninp
nbuwflughlubph  hwjwuwpbpwd  opyunubpp dh hwdwlwpgnd, npwbiugh
huwpwynpnipnu niubuw| nhwnwpytint upwug nhppp dhdjwug ulwwndwdp,
wuwihgh Gupwpytp b Ywwwpb] hwodqupyubp hwdwpundp  hwdwlywpgnid:
Wuwhuny wju  wwpwgpwdpnd puuwpyynd £ updwsd fuunph  Spwgpwihu
hpwywuwgnup:

Bppnpn qqnifup udhpdws £ Spwgpught hwdwlwnpgh uywpwgpnugjuup,
npp dowlyb| £ Python Spwgpwynpdwu |Gqyh dhongny L ubpwnnud £ Gpypnpn
glfund  ywpwgpjwd  dbpnnubph wignphpdwlwt  phpwlwluwgnidp:
Cwdwlwpgp pwnyugwd £ bpbp  hpduwlwu thnybphg'  hwjnuwpbpnid,
dwuwsnud W wnbnnpnonud: Uowyjwsd Spwgpwiht hwdwwnpgp pungpynd £
hhGpwpluhy gniqwhbn hnuptiph  ulygpniupny  wotuwwnn  hwjnuwpbpdwu L
Swuwsdwu  wignpppd, npp  pwpdpwgund £ punhwunip hwdwlwngh
wpwagwgnpdniginitup: Uawlydb) Gu twl pugnid $niulyghnuwy pinlutip, npnughg
Gu'  whwqwugdwu U ophwnubph  pwpwbqubpnd  wpunwwwwnybpdwu
dbpnnutpp:  Oquwagnpdyt; Lt opblwn  Ynndunpnadws  Spwgpwynpdwu
dbpnnubpp: Ywwnwnyb| Gu pugnud thnpdwpynuiubp:

Detection
- -
I.f
Create empty
array2
1 2 n
.'"’ Sub-threadl ..-"" sub-thread? /7 Sub-threadn
Detection block Detection block Detection block
—— L - .
Saveimage & Save image & Saveimage &
. index into array2 index into array? index into array?
Live Stream : ¥ - i ¥ i
Wait until array? Wait until array2 Wait until array?
{| hasnelements || || haspelements | has n elements
— ’ N ~
L]
Sortarray?
elements by index
Show image in
final video
\. T

Llwp 6. «Upwnwnpnn b uywnnn» dnnbih dlwihnfujws piny ufubdwu:
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2niqwhtin hnupbpny wsfuwwnnn hwynuwpbpdwu b dwuwsdwu dbpnnh
wpwagwagnpdniEjwu pwnaépwgdwu wighphpJh dowldwu hwdwp
duwihnfunieywu £ Gupwplyyt| «Upunwnpnn b uywnnny» dnnbip’: Unweohtu thnynwd
hpwlywugyb £ hnupbiph gniqwhbnwgnid, npp wwwwufuwuwwnt £ opjlwnubph
hwjnuwpbpdwu hwdwp (Uywp 6):

Gpypnpn thnynud  opjyuinubiph  hwywnuwptpdwu  hnupbipp  pwdwuyt) Gu
Gupwhnuptiph, wwwhnybiiny dwuwsdwu gnpdpupwgp, pun npnud Gupwhnuptpp
gbubpwgynid Bu nhuwdhy jnipwpwugnip ghyih wunynp dwdwuwy, Ywudwd
hwjnuwpbpjws  optywnubph  pyhg: Wuwhuny nipwpwignip  Gupwhnup
wwwnwufuwuwwne £ dhwju dbYy opywnph Gwuwsdwu  hwdwp:  Uawldwd
hhtipwnfuhy gniquhtin hnuptinh wignphedp pungpynu £ wdpng

Spwagpwihtu hwdwlwpgh wignphpdwywu Ynnp: Lwp  7-nd pbpdud k
hwdwihp hwdwlwpgh pinYy ufubdwu:

Gnpypnpn thnynud  opjyuinubiph  hwynuwptpdwu  hnupbipp  pwdwuyt) Gu
Gupwhnuptiph, wwwhnybiiny dwuwsdwu gnpdpupwgp, pun npnud Gupwhnuptpp
gbubpwgynid Bu nhuwdhy jnipwpwugnip ghyih wunynp dwdwuwy, Ywudwd
hwjnuwpbpjws  optywubph  pyhg: Wuwhuny nipwpwignip  Gupwhnup
wwwnwufuwuwwne £ dhwju dbYy opywnp Gwuwsdwu  hwdwp:  Uawlqwd
hhtipwnfuhy gniquhbin hnuptinh wignphedp pungpynud £ wdpng

Spwagpwihtu hwdwlwpgh wignpphpdwywu Ynnp: Lwp  7-nd pbpdud k
hwdwihp hwdwlwpgh pinYy ufubdwu:

| Detection and Recognition

Create empty
array2
1 2
Sub-thread 1

JEY S
Detection block
e Attt ~

)

|

|

B
= | Sub-thread 2 Sub-thread N

. ]

Live Stream

\
~—

Save image &
index into array2

Wait until array2
has n elements

;'_/¥'_/

Sort array2
elements by index

Show image in

\ / final video
Llwp 7. <wdwihp hwdwYwpgh wignphpdwywu piny ufubdwu

! https://en.wikipedia.org/wiki/Producer-consumer_problem
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Opwagpwjhu hwdwlwpgh nbupp ubipyuwjugyws £ uwn 8-nud:
K| frame =i

Run ®, detectioninVideo

G | 4+ Detection + Recognition Time (in seconds) : 0.04200854560015

PL4Run | Ze5T0DO M 9 Version Control &, Python Console Terminal

Llwp 8. Opwgpwiht hwdwlwpgh woluwwnwuph wpryntupp

®npabph wpyniupubpp: Uowldwsd dbennubph hwdwp ppwywuwgyb) Gu
pwgnuw thnpdbip, npwbu hwdbdwwndwu dbennubp Gu puwnpybp ninpuind wnfw
opjtiyinubiph hwynuwpbpdwu b Swuwsdwu Yhpwnnigintt gunnwd dbpnnubpp:

Unjnuwy 1-hg U 2-hg Gpunid £ np wnwownpyynn wignphedp gpwynid £
dpgntuwly nhpp wnlw dbpnnutiph htn deluntin: Unynwwly 1-nud dwuwsdw
Gonnipiniup’ p-U pwguwpdwy nmwppbpniejwu 2NNt £ wpnwhwjnywsd
wnynuubipny:

p= 100 (%)

o

npwntin #-U hwdpuwé whpubiubph pwuwyu k, % = m-p dnph swihbpp:
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Unynwuwly 1. Pnpsdbiph wpryntupubipp. dbYy opjiyunp hwjnuwpbpdwu b
Swuwsdwu wpwgnipniup b 6ogpunnieyniup (480 x 360 whpubi
Ybwnwjunigjwdp wnbuwowph nbwpntd):

wertes | %t | umpman 5.0
Fri;"éé’)g&ré? - 0.069 yny* 67.5% (61-74)%
u?ulr::;.r;.l:;l; ! 0.043 ypy 84% (72%-96%)
?Sﬁtkii‘i.f;‘i 0.172 4ny 84.2%
Tempﬂﬁlihﬁﬁicm”g 0.754 4ny 96-98%

Unynwuwl 2. Pnpsbiph wpryntupubpp. Opjtlwnp hwjnuwpbpdwu L
Swuwsdwu wpwgntpniup twppbp Yewnwjunyeniuubph nbwpnud

Uignphpd 3840 = 2160

640 x 480 | 1280 x 720 | 1920 x 1080 | 3840 = 2160 | hhug opjtljinh
rtiwpnud

Frame difference

MOG/GMG 0144ny | 0174ny | 015524ny | 0.27 dny 1.38 Jny
Unwguwplnn wignphps | 0.08 Uny | 0.11dny | 0.0967 yny | 0.17 yny 0.86 Uny
Background subtraction 035 l{r\l.l 044 LI_['I'.| 038 l{rll.l 068 LI_[‘IL{ 344 LI_['I'.'
Template matching method | 1-54 UnlYy 1.96 4py 1.6964nYy 3.01 ypy 15.08 yny

2 https://link.springer.com/article/10.1007/s11760-017-1093-8,

https://www.ripublication.com/irph/ijict_spl/ijictv4n15spl 10.pdf

3 https://www.sciencedirect.com/science/article/pii/S1574013715300459,

https://en.wikipedia.org/wiki/Background subtraction

* https://en.wikipedia.org/wiki/Template matching, https://ieeexplore.ieee.org/document/7849615/
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https://link.springer.com/article/10.1007/s11760-017-1093-8
https://link.springer.com/article/10.1007/s11760-017-1093-8
https://link.springer.com/article/10.1007/s11760-017-1093-8
https://en.wikipedia.org/wiki/Template_matching
https://en.wikipedia.org/wiki/Template_matching
https://en.wikipedia.org/wiki/Template_matching
https://en.wikipedia.org/wiki/Template_matching
https://en.wikipedia.org/wiki/Template_matching
https://en.wikipedia.org/wiki/Template_matching
https://ieeexplore.ieee.org/document/7849615/
https://ieeexplore.ieee.org/document/7849615/
https://ieeexplore.ieee.org/document/7849615/
https://ieeexplore.ieee.org/document/7849615/

[1]-

2].

(3]

[4]-

[5]-

[6].

uchiusuuvLh <pUtuuut ursnruLuere

Uowyyty £ wbuwpwpbpnd opjtlywubph  hwjnuwpbpdwt  wpwgquwgnpd
wnwppbpwy' $nuwihu quundwu  dbpnnh  dnnh$hlwghwih gunphpy: W
pwywpwp Gogpuinijwdp hwjnuwpbpnd £ $nund pwpudwd opjtiyunubnp,
npnup wnbuwubh sku wuqbu wspht [2]:

Uowyyby £ ytnd phpwiuutiph hwjnuwpbpdwu unp dbenn, npp eyl £ wwihu
hGwwgnub]  $nup, hwjnuwpbpt]  hGwwppppnieinitu subipyuwjwgunn
opjywubipp L htnwgub [3]:

Uowyyty E  opblwubph  hwjuntwpbpdwi-6wuwsdwt  wpwgwgnpd
hwdwluwpg'  wbuwowpnd  wnwpwwnbuwy  opiywnubph  wnywnuyejwu
nbwpnd: [2,4]:

Uswlyyb| E wmbinnpnadwu dbpnn [5]:

bpwywuwgyty Lt opywubph  wprnwwwwnlybpnudp  dh hwppwynud'
pwnuwnbgnud [1,6]:

dbpp upqwd pninp dbennubiph hwdwp dowydb) £ Spwapwihu hwdwlwpg:
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Peanusau,ml CUCTEeMbl oGuapymeHuﬂ, pacno3HaBaHuUA u
NIoKanu3auuu 06bekToB B BUaeo

Padpcpu CumonsH

ObHapymeHue, pacrnosHaBaHWe W MO3ULMOHMPOBaHWEe OObEKTOB B BUAEO, B

HacTosALlee BPeMA LUMPOKO MCMONb3YIOTCA B BUAEOHAONOAeHUN, pobOTOTEXHUKE,
COMOYMPABAAOLLMX aBTOMOOUAX, MOUCKE U30bpameHuit (B MHTepHETE U HonbLUUX
AaHHbIX), MEANLMHE, MOABOAHOM 30HAMPOBaHUM U T.4. B yacTHocTH:

Ob6HapymeHue 1 pacro3HaBaHUe OObEKTOB BaHO W LLUMPOKO UCMONb3YHOTCA B
chepe BupeoHabnopeHna. B cucteme 6esonacHOCTM OHa [AaeT BO3MOMHOCTb
3apaHee OrnpejenuTb 1 OLEHUTb CUTyaLmMto, coobLLaA O HeKenaTenbHOM ABNEHUN.

B  comoynpasnalowux asTomobunax  (Hanpumep, Tesla) obpaboTka
u3obpameHnii MCMoNb3yeTcA B WX BCTPOEHHbIX cUCTeEMax AnA obecneyeHwA
pelleHna pasnuyHbix 3apady. OpHoil u3 npobnem ABnAeTcA onpepeneHue
JOPOMKHOro ClieHapua U cTemneHb 6AUTENbHOCTU BOAMTENA C Momolbio cbopa
JaHHbIX C Kamepbl. OpHOii M3 OCHOBHbIX 3agay anroputma obpaboTku
nsobpameHuii B 6eCMUNOTHBIX aBTOMOOUNAX ABNAETCA TMOCTOAHHBIN aHanus
OKpy:KatoLLeil cpefbl ¥ MPOrHO3MPOBaHNE UMEHEHWIA.

Obpabotka un30bpameHnii  Takme ucnonb3yetcA B PODOTOTEXHUKE,
nosBonAtoLMiA poboTam obHapymuBaTb OObeKTbl, pacrno3HaBaTb M OMpefenATb
bynywve peiicTBuA ¢ obbekToM, Hanmpumep, aiA cbopa U MEpeMELLEeHUA UX U3
ofHoro Mecta B ppyroe. ObpaboTka wusobpameHuii Takme ucnonb3yerca B
aBTOMObUneCTpoeHum.

B mepmumHe obpaboTka un3obpameHuii ucnonb3yeTcA OnA  BblABNEHWA
3/10Ka4€CTBEHHbIX HOBOOOPa30BaHUii B PEHTTEHOBCKUX M30OpameHuax U B pAae
APYrux NnpoLeccos.

PacnosHaBaHue nuua wvmeer Oonbluoe 3HayeHMe [iA  MAEHTUMKALUK
JIMYHOCTWN YenoBeKa.

OH Tak e NpUMeHWM OnA noucka uzobpameHuit B WHTepHeTe, B 60nbLUKX
JaHHbIX 1 Bupeo. B aTnx obnactax ero MOMHO MCMONb30BaTh [JIA ClAEAYHOLLMX
ueneii:  aHanM3MpoBaTb  COAep¥MMOe  M30bpameHuA,  KnaccuduuupoBaTb
nsobpaxeHuna no Tuny u obHapyxuBaTb OTAENbHblE 0ObEKTbI B U30OpameHusAX.

LUenblo OaHHo# aucceprauuu asnAeTcA paspaboTka

BbICOKOMPOM3BOAUTENBHOMO MeTofia OBGHapyKeHWA, pacrno3HaBaHWA W NoKanusauum
06BEKTOB B M306paMeHNAX U BUAEO, a TaKiKe CO3AaHue NporpaMMHoro obecrneyeHus
1A BUJEOHabNoOEHNA HA OCHOBE 3TUX METOJ0B.

HayyHas HoBu3Ha

PaspabotaH 6bICTpblii MeTop obHapyMeHuA OOBLEKTOB Ha OCHOBE MeToAa
BbluMTaHWA poHa B BUAeo. OH obHapyMBaeT CKpbITble 0ObEKTbI B BUAEOKALPE,
KOTOpble HEBO3MOMHO Pa3riAfeTb HEBOOPYMEHHbIM [a30M.
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. PaspabotaH meTop o6HapymeHUA NOMHbIX Leneid, KoTopblii nossonAet
uccnepoBatb QoH, obHapymmBaTb OObeKTbl He MpefcTaBnAlOLLME UHTepeca W
YRanATh UX.

. PaspabotaH adpdperTuBHbI MeTof, obHapyMeHMA 1 pacrno3HaBaHUA 06LEKTOB
MpW HaAMYUM MHOMECTBA Pa3HOOOpa3HbIX 0OLEKTOB B BUAEOKaLpaXx.

MpumeHsiemocTb pe3ynbraToB

Cuctema obHapymeHWA, pacro3HaBaHWA W NoKanusauuy OObEKTOB MOMeET
MCMOMb30BaTbCA BO MHOMMX obnacTax [NA pelleHuA pa3HoobpasHbiXx npobnem
aHanusa c nsobpaxeHuamu u Bugeonotokamm. Cuctema nporpammHoro obecneyeHus
MOMET, B YaCTHOCTM, WCMONMb30BaTbCA [JIA Chedylolmx ueneii: a) obeneyeHue
6€e30MacHOCTM 30HbI BuieoHabntofeHnA; 6) TopmoxeHue 6ecnuaoTHOro aBToMobUNA
i aBTomobunAa c BoguTenem B cryyae OOHapyMeHUA BHE3arNHOro mMoABNEeHUA
BeNocuneamcTa uau neluexofa; B) B 6ecnuioTHbIX aBTOMOOMAAX pacro3HaBaHue
OOPOKHbIX 3HAKOB [/IA €ro MpaBUIbHOMO YMpaBNeHWA; T) paspelwnTb pabounm
poboTtam obHapy#MBaTb UM pacno3HaBaTb HeOOXOAWMBbIA OObEKT C Lenbl €ero
nepemeLLeHus; b) BbINONHEHWE noucka obbekTa B BUAEO M B BOMbLUMX AAHHBIX.

Jna 3awmnThl NpefcTaBneHbl cneaytoline nooMMeHus:

o HoBblii meTop, obHapysmeHnAa OObeKToB M ero peanusauua Ha OCHOBe
usBecTHblx MetogoB. OH BKouaeT B ceba mMeTodpl ObHapyMeHUA W yhaneHus
NOXHbIX Leneli B ¢hoHe, OOHapyKEHUA CKPbITbIX OOLEKTOB W BbIYUCIEHUA
M3MEHEHUA UHTEHCUBHOCTM CBETa B M300paMeHnUU.

. MeTop, conoctaeneHna wabnoHoB, cuctema ObHapymeHWA-pacrosHaBaHUA W
nokanusauua pacctosHMA obbekTa OT BUAEOKaMepbl.
o Hosaa u adpcpextnBHas nporpammHas cuctema [Ana  obHapyseHua,

pacno3HaBaHUA U NoKanusaunun O6'beKTOB, BKNKOYaA BCE BbIWLENEPEYNCNIEHHbIE
METOAbI N X aNrTOPUTMUYECKNE pe€annsauni.

OcHoBHble pe3ynbTaTbl AUcCepTaLuu

e MoguduumposaH Meton obHapymeHua obbekta. Meton obecneunBaet
acpcpeKTUBHOCTL 1 bbicTpofeiicTBue paboTbl. OH Tak e obHapyMuBaeT CKpbITble
06beKTbl B M300pameHun, KOTopble HEBO3MOKHO PasriAfeTb HEBOOPYHEHHbIM
rnasom [2].

e PaspaboTtaH mMeTof obHapymeHUA NOMHbIX Leneii B BUEOKaApe MU KapTUHKE,
KOTopblii  no3BonAeT uccnegoBaTtb POH, ObHapyxuBaTb  OObEKTbl, He
npencTaBnAoLLNE UHTEPEC U yAANATb mX [3].

e PaspabotaH MeTon oOHapymKeHWA U pacrio3HaBaHWA OObeKTOB, KOTOpbI
3hhpeKTUBHO paboTaeT B Clyyae HaaMuMA MHOMECTBA OObEKTOB B BUAEOKajpax
[2,4].

e PaspaboTaH mMeTop, nokanusauuu obbeKTOB [5].

e PaspaboTaHa cuctema Busyanusauuu OObEKTOB, C LieNblo OTOOpamMeHWA UX Ha
eAvHoii nnatgopme - Ha KapTax [1,6].

e PaspabotaHo nporpammHoe obecriedeHne [A  BCEX BbiLLENEPEUYNCTEHHbIX
MEeTOJ0B.
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Development of the system of object detection,
recognition and localization in videos

Raffi Simonyan

In videos involving areas of interest, object detection, recognition and

positioning problems are currently widely used in video surveillance, robotics, self-
driven cars, image search (on the web and big data), medicine, underwater sensing
and more. Particularly:

Detection and recognition of objects are important and widely used in video
surveillance. In the security system, it provides an opportunity to detect and
evaluate the situation in advance and to alert in case of undesirable phenomenon.
In self-driven vehicles (e.g. Tesla), image processing is used in their embedded
systems in order to provide solutions to different challenges. One of the
challenges is the determination of the road scenario and the driver's vigilance
rating through data capture from the camera. One of the main problems of the
image processing algorithm in self-driven vehicles is the ongoing environmental
analysis and predictable changes.

Image processing is also used in robotics to allow robots to detect objects,
identify and determine future actions with the object, for example, to collect and
move from one place to another. It is also used in car manufacturing.

In medicine images processing is used to detect malignant neoplasms in x-ray
images and in a number of other processes.

Face recognition is of great importance for the person's Identification.

It is applicable for searching images in the web, in big data and videos. In this
area it can be used for the following purposes: understand the content of the
image, classify images by type and detect separate objects in the images.

The aim of this thesis is to develop high-performance methods for detecting,

recognizing and positioning objects in images and videos, as well as creating a
surveillance software application based on that methods.

Scientific novelty
A fast variant of objects detection method was developed based on background
subtraction method in videos. It accurately detects hidden objects in the
background that are not visible to the eye.
A method for detecting false targets has been developed allowing to explore the
background, discover objects of non-interest and remove them.
It was developed a fast object detection-recognition system in case of a variety of
objects presence in video frames.
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Applicability of the results

An object detection, recognition and positioning system can be used in many
areas to solve a variety of images and video analysis problems. The software system
may, in particular, can be used for the following purposes: a) ensure security of the
video surveillance area; b) In self driven vehicle or a vehicle with a driver, detect a
sudden road crossing of a cyclist or pedestrian and brake the car. c) In self driven
cars identify road signs and guide the car; d) allow laborer robots to detect and
recognize the necessary object in order to move it.

The following statements are presented for defense:

e New detection method and its implementation based on known methods of
objects detection. Methods includes detecting and removal of false targets in the
background, detecting hidden objects and calculating light intensity change in a
picture.

¢ Template matching method, detection-recognition system and object localization.

e A new and effective software system for detecting, recognizing, and positioning
objects, including all of the above methods and their algorithmic
implementations.

The main results of the thesis are:

o A fast variant for detecting objects was developed based on the modification of
the background subtraction method in video. Metod will also detect hidden
objects in the picture that are not visible to the eye [2].

¢ It was developed a method for false targets detection in the background which
allows to explore the background, discover objects of non-interest and remove
them [3].

e Objects detection and recognition method has been developed which works
effectively in case of a variety of objects presence in video frames [2,4].

e A method of objects localization has been developed [5].

¢ It was developed an object visualisation system in order to see them in a single
platform - in maps [1,6].

o Software application was developed for the all above mentioned methods.
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