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KIRISH (fan doktori (DSc) dissertatsiyasi annotatsiyasi)

Dissertatsiya mavzusining dolzarbligi va zaruriyati. Jahonda tasvirlarga
raqamli ishlov berish, tahlil gilish, tasvirlardagi obyektlarni ajratish, tanib olish usul
va algoritmlarini takomillashtirish, ishlab chigish hamda joriy etishga katta e’tibor
garatilmoqda. Ushbu sohada so‘nggi yillarda erishilgan yutuglar va tasvirlamni qayta
ishlash algoritmlarini takomillashganligi identifikatsiyalashni kompyuter asosidagi
analitik yondashuvlarini ishlab chigishga imkon berdi. Tasvirlarni tahlil gilishda
ko‘plab tadqiqotlar o‘tkazilganligiga qaramay, ular asosan noravshan bo‘lmagan
ma’lumotlarni tahlil gilishga yo‘naltirilgan bo‘lib, tasvir noravshan elementlari
bo‘yicha tadqiqotlarning hech birida noravshan to‘plamlar nazariyasi asosidagi
tasvirlarni qayta ishlash bosgichlari tahlil etilmagan, ya’ni segmentlash, belgilarni
ajratish, tasniflash va tanib olish kabilar deyarli amalga oshirilmaydi. Ushbu
yo‘nalishda tasvirlarini tahlil qgilishning asosiy masalalari sinflashtirish, ulardagi
obyektlarni tasniflash, tanib olish, qonuniyatlarni aniglashning noravshan to‘plamlar
nazariyasiga asoslangan usul va algoritmlarini ishlab chigish hamda ilovalarini
yaratish muhim masalalardan biri bo‘lib qolmogda.

Jahonda tasvirlarini tahlil gilish, qayta ishlash, tasvirdagi obyekt va uning
belgilarini shakllantirish, tanib olish usul va algoritmlarini takomillashtirish, ishlab
chigish hamda hisoblash algoritmlarini yaratishga yo‘naltirilgan ilmiy tadgiqot
ishlari olib borilmogda. Bu borada, jumladan, noravshan to‘plamlar nazariyasi
elementlari asosida tasvir kontrastini normallashtirish, tasvirdagi xalaqitlarni
bartaraf etish, tasvir obyektlari konturlarini ajratish va segmentash, tasvir
obyektlarini tanib olish algoritmlarini ishlab chigish, takomillashtirish hamda
avtomatlashtirilgan tizimlarini yaratish muhim vazifalardan biri hisoblanadi.

Respublikamizda  jahon  axborot  makoniga  mamlakatimizning
integratsiyalashuvini tezlashtirish maqsadida zamonaviy raqamli texnologiyalarni,
jumladan garorlarni qabul qilishni qo‘llab-quvvatlash intellektual tizimlarida talab
darajasidagi aniqlikni olishni ta’minlaydigan model, usul va algoritmlarni ishlab
chigish yuzasidan keng qamrovli chora-tadbirlar amalga oshirilib, muayyan
natijalarga erishilmoqda. “... iqtisodiyot tarmoqlari va ijtimoiy sohada, davlat
boshqaruvi tizimida sun’iy intellekt texnologiyalarini ishlab chigish...; aholi
manfaatlari yo‘lida davlat xizmatlari ko‘rsatish sifatini yaxshilash, shumngdek,
ma’lumotlarni qayta ishlashda davlat organlari samaradorligini oshirish uchun
sun’iy intellekt texnologiyalaridan keng foydalanish; foydali texnologik yechimlarni
ishlab chigish bo‘yicha fundamental va amaliy ilmiy tadqiqotlarni o‘tkazish va
ularni keyinchalik tijoratlashtirishni rag‘batlantiruvchi sun’iy intellekt sohasida
innovatsion ishlanmalarni mabhalliy ekotizimini yaratish; sun’iy intellekt
texnologiyalarini qo‘llovchi dasturiy ta’minot ishlab chiquvchilariga ragamli
ma’lumotlardan foydalanish uchun sharoit yaratish...” bo‘yicha muhim vazifalar
belgilab berilgan. Ushbu vazifalarini amalga oshirishda, jumladan, tasvirlar orqali
berilgan ma’lumotlarni intellektual tahlilga oid masalalarni yechish uchun yugori
aniqlikni ta’minlaydigan tizimlarda tasvirlarni gayta ishlash va sifatini oshirish,

! O'zbekiston Respublikasi Prezidentining 2021-yil 17-fevraldagi PQ-4996-son “Sun’iy intellekt texnologiyalarini
jada! joriy etish uchun shart-sharoitlar yaratish chora<tadbirleri to*g’risida"gi qarori
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tasvirdagi kontur chiziqlarini ajratish, tasvirlami segmentatsiyalash masalalarini
yechish uchun noravshan to‘plamlar nazariyasi elementlariga asoslangan model,
usul, algoritmlarni ishlab chigish muhim ahamiyat kasb etmoqda.

O*zbekiston Respublikasi Prezidentining 2017-yil 7-fevraldagi PF-4947-son
“O‘zbekiston Respublikasini yanada rivojlantirish bo‘yicha Harakatlar strategiyasi
to‘g‘risida”, 2018-yil 19-fevraldagi PF-5349-son “Axborot texnologiyalari va
kommunikatsiyalari sohasini yanada takomillashtirish chora-tadbirlari to‘g‘risida”gi
farmonlari, 2017-yil 29-avgustdagi PQ-3245-son “Axborot texnologiyalari va
kommunikatsiyalari sohasini yanada takomillashtirish chora-tadbirlari to*g‘risida”,
2019-yil 10-apreldagi PQ-4276-son “Favqulodda vaziyatlar bo‘limlari faoliyatini
yanada takomillashtirish bo*yicha tashkiliy chora-tadbirlar to*g*risida”, 2021-yil 17-
fevraldagi PQ-4996-son “Sun’iy intellekt texnologiyalarini jadal joriy etish uchun
shart-sharoitlar yaratish chora-tadbitlari to‘g‘risidangi qarorlari hamda mazkur
faoliyatga tegishli boshqa me’yoriy-huqugiy hujjatlarda belgilangan vazifalarni
amalga oshirishga ushbu dissertatsiya tadqiqoti muayyan darajada xizmat qiladi.

Tadgiqotning respublika fan va texnikani rivejlantirishning ustuvor
yo‘nalishlariga muvofigligi. Mazkur tadgiqot respublika fan va texnikani
rivojlantirishning IV. “Axborot va axborot-kommunikasiya texnologiyalarini
rivojlantirish® ustuvor yo*nalishiga muvofiq amalga oshirilgan.

Dissertatsiya mavzusi bo‘yicha xorijiy ilmiy tadqiqotlar tahlili’. “Soft
computing” vositalaridan foydalanish, tasvirlami qayta ishlash va tanib olish
algoritmlari ishlab chigish va takomillashtirish bo‘yicha ilmiy va amaliy ishlar
Kaliforniya universiteti, Massachuset texnologiya instituti, Microsoft Akademiyasi,
Oracle tadqiqot markazi (AQSh), Kioto va Tokio texnologiya universitetlari
(Yaponiya), Inha, Seul milliy fan va texnologiya va Incho universitetlari (Janubiy
Koreya), Shimoliy Xitoy texnologiya universiteti, N.E.Bauman nomidagi Moskva
davlat texnika universiteti, M.V.Lomonosov nomidagi Moskva davlat universiteti,
Novosibirsk davlat universiteti, Rossiya Fanlar akademiyasining Hisoblash markazi
(Rossiya Federasiyasi), Varshava texnologiya universitetlari (Polsha) kabilarda faol
olib borilmoqda.

Jahonda zamonaviy texnologiyalarga asoslangan tasvirlamni qayta ishlash va
tanib olish algoritmlari yangi avlodini ishlab chiqish (takomillashtirish) bo‘yicha
tadqiqotlarda, jumladan quyidagi ilmiy yangiliklar olingan: ma’lumotlami tahlil
qilish tizimlarini neyron tarmoq texnologiyalari asosida takomillashtirish hisobiga
ma’lumotlarni tahlil qilish va tasvirlarni tasniflashdagi xatoliklari 10-15%ga
gisqarishiga olib kelishi asoslangan (Massachuset Texnologiyalar instituti,
Microsoft Akademiyasi, Oracle Tadgiqot Markazi, Moskva Davlat Texnika
Universiteti, RFA Hisoblash markazi, Inha universiteti, Seul Milliy fan va

’Dlsaem,mya mavzum bo* yldm ilmiy tadqtqollxr sharhi

mw@w b.ve.uy,ilg»t-,.suun.jé‘ h"tm.'
hitp:/ivww, cedar buffalo. edu/--grihar/CSESSS/, hitps /4
WM%MW
hitp freeexplore foce org/document/R24819/

va boshqa menbalar asosida ishlab chigilgan.
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texnologiya universiteti, Incho universiteti); “Yumshoq hisoblash™ vositalaridan
foydalanib tasniflash xatoligini kamaytirish esa obyektni tavsiflovchi belgilarni 20-
25%ga qisqartish hisobiga tanib olish tezligini oshirishga asoslangan (Shimoliy
Xitoy texnologiya universiteti, Kaliforniya universiteti, Seul milliy fan va
texnologiya universiteti, Novosibirsk davlat universiteti).

Jahonda ma’lumotlarni intellektual tahlil qgilishda yuzaga keladigan
muammolar bo‘yicha quyidagi yo‘nalishlarda ilmiy tadqiqotlar ustuvor darajada
amalga oshirilmoqda, ma’lumotlarni intellektual tahlil qilish borasida “Soft
Computing” vositalarini ishlab chigish. gayta ishlangan axborot hajmi va uning
elementlari xususiyatlari ortib borishida boshqaruv qarorlarini qabul qilishni
qo‘ilab-quvvatlash uchun mugqobil xatolarni minimallashtirishga qaratilgan tahlil
vositalari imkoniyatlarini kengaytirish, shuningdek tasvirlarni tahlil qilish va
timsollarni tanib olish usul va algoritmlarni takomillashtirish hamda yangilarini
yaratish bo‘yicha gator, jumladan quyidagi ustuvor yo‘nalishlarda tadgiqotlar olib
borilmoqda: dastlabki axborotning o‘ta cheklangan hajmida ishlovchi va tanib olish
tizimlari intellektualligini ta’minlovchi usul va algoritmlar ishlab chiqish; katta
o‘lchamli belgilar fazosida tanib olish usul va algoritmlarini ishlab chiqish;
tasvirlardagi obyektlarni aniglash usul va algoritmlar ishlab chiqish; kiruvchi
axborotning integratsiyalashgan gayta ishlashini ta’minlab, “yumshoq” hisoblashlar
texnologiyalaridan foydalangan hoida nutq, matn, tasvirlami segmentatsiyalash va
tanib olish tizimlari kabi tizimlarini yaratish.

Muammoning o‘rganilganlik darajasi. Tasvirlarni qayta ishlash, tahlil
gilish va tanib olishda ma’lumotlarni intellektual tahlil qilish tizimlarini ishlab
chigish bo‘yicha olib borilgan keng ko‘lamli tadqgigotlar natijasida muhim nazariy
va amaliy natijalar olingan. Ko‘plab xorijiy olimlar ishlari tasvirlarni tahlil gilish va
tanib olish muammosini hal qgilishga bag‘ishlangan bo‘lib, ular orasida D.Ballard,
Ye.Devis, R.Gonsales, YulJuravlev, V.A.Soifer, J.Serre, D.Marming, A.
Dempster, G.Shafer, M.Pavel, Yu.P.Pytev, Y.A.Furman, L.P.Yaroslavskiy ishlarini
alohida ko‘rsatish mumkin. Noravshan to‘plamlar nazariyasi, intellektual tahlil va
axborotni qayta ishlash tizimlari, qarorlar qabul qilish tizimlarini qo‘llash asosida
turli sohalarda boshqaruv tizimlari va ma’lumotlar tahlilini amaliy tatbiq etish
masalalarini yechish va tadqiq qilishning nazariy asoslari muhim natijalari
jahonning yetakchi olimlari L.Zade, R.Yager, A.Koffman, J.Klira, Ye.A_ Mamdani,
Terano, Sugeno, Asai, A.N.Averkin, A.N.Borisov, D.A.Pospelova, R.A Aliyeva,
F.Hyerera, T.Fukudo, C.Karr, M.Lozano, M.Sakava, O.Kordon, J.Kasilyas,
F.Xoffman, R.Yang, V.Kruglov, A.Rotshteyn, S.Shtobva va boshqalar tomonidan
olingan.

Respublikamizda an’anaviy matematik apparatlardan foydalangan holda va
noravshan to‘plamlar nazariyasi modellari asosida ma’lumotlarni intellektual tahlil
qgilish va tasvirlami tanib olish tizimlarini ishlab chigish bo‘yicha ham faol
izlanishlar olib borilmogda. Bu borada, jumladan M.M.Kamilov, T.F.Bekmuratov,
Sh.X Fazilov, R.X.Xamdamov, D.T.Muxamedieva, N.S.Mamatov, N.Mirzaev
kabilarning tadqgiqgot ishlari diqqatga sazovor.

Mazkur tadgiqotlar natijasida qarorlarni gabul qilishni qo‘llab-quvvatlash
intellektual tizimlari uchun ishlab chiqgilgan model, usul, algoritmlar ushbu
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muammolar mavjud ko‘p sohalardagi amaliy masalalarni yechishda muayyan
darajada ijobiy natijalarga erishilgan bo‘lsada, biroq tasvirlar orqali berilgan
boshlang‘ich ma’lumotlami intellektual tahlilga oid muammolarni hal gilishda
noravshan to‘plamlar nazariyasiga asoslangan model, usul va algoritmlarni ishlab
chiqish hamda amliyotda qo‘llash bo‘yicha tadqiqotlarga alohida ye’tibor qaratish
dolzarb muammeolardan bo‘lib qolmogda.
Dissertasiya tadgiqotining dissertasiya bajarilgan oliy o‘quv yurtining
ilmiy-tadqiqot ishlari rejalari bilan bog’liqligi. Dissertasiya tadqiqoti Jizzax
politexnika instituti ilmiy-tadgiqot rejasiga muvofig NeA-5-19 “Noravshan
to“plamlar nazariyasi asosida tasvirlarni qayta ishlash va tahlil qilish algoritmlari va
dasturiy ta’minotini ishlab chiqish" mavzusidagi amaliy loyihasi doirasida
bajarilgan.
Tadqiqgotning maqsadi tasvirlami tahlil qilishning noravshan model va
algoritmlari hamda dasturiy ta’minotni ishlab chigishdan iborat.
Magsadga erishish uchun quyidagi tadqiget vazifalari qo‘yilgan:
tasvimi qayta ishlash va tahlil gilish tizimlarini loyihalash bo‘yicha
tadgiqotlar holatini o‘rganish va tahlil gilish;
noravshanlik sharoitida tasvirlami tahlil gilish va tanib olish modellari va
usallarini ishlab chiqishning nazariy va uslubiy asoslarini o‘rganish;

tanib olish tizimlarida qaror qabul gilishni go‘llab-quvvatlash uchun muqobil
ishlab chigish masalasining matematik go*yilishini shakllantirish;

noravshan to‘plamlar nazariyasi asosida tasvirni yaxshilashtirish algoritmi va
dasturiy modulini ishlab chigish;

noravshan to‘plamlarning matematik apparati asosida tasvirlaming kontur
chiziglarini aniqlash algoritmi va dasturiy modulini yaratish;

noravshan to‘plamlar nazariyasi asosida tasvirlami segmentasiyalash uchun
algoritmik dasturiy ta’minotni ishlab chigish;

qarorlami qo‘llab-quvvatlashning intellektual tizimlarida tasvimi qayta
ishlash, tahlil qgilish va tanib olish uchun ishlab chiqilgan modellar, usullar,
algoritmik va dasturiy vositalami joriy yetish, olingan natijalarning qiyosiy tahlilini
o‘tkazish va ishlanmalar samaradorligini tekshirish.

Tadqiqotning obyekti tasvirga olishning turli vositalari orqali olingan
ragamli tasvirlar hisoblanadi.

Tadqiqotning predmeti noravshan to‘plam yondashuviga asosla}ngan
tasvirlarni qayta ishlash va tahlil gilish model, usul va algorimﬂax:i.hisoblanadl. )

Tadqiqotning usullari. Tadgiqot davomida ma’lumotlarni mtel.lekt.ua] tahlil
qilish, noravshan to*plamlar nazariyasi, ehtimollik va boshqaruv nazariyasi, ekspert
baholashlar, tasvirlarni gayta ishlash va tanib olish usullaridan foydalanilgan.

Tadgqiqoetining ilmiy yangiligi quyidagilardan iborat:

ragamli tasvirlardagi uchraydigan poaniqliklarni inobatga olgan holda intuitiv
noravshan to‘plamiga ko‘ra kamaytirishni moslashuvchan va bargaror matematik
modeli takomillashtirilgan;

klasterlash usullar xossalarini inobatga olgan holda garorlarni qabul gilishni
qo‘liab-quvvatlash qoidalariga ko‘ra tasvirlarni segmentatsiyalashning noravshan
yondashuvli uslubi ishlab chiqilgan;
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shovqin turlarini inobatga olgan holda ranglamni sezilarli o‘zgarmaydigan
lokal sohalarni tekislash yondashuvlariga ko‘ra ulami pasaytirish algoritmi ishlab
chiqilgan; ’

tasvir yoqinliklarini inobatga olgan holda noravshan o‘sishlar tahliliga ko‘ra
kontur chiziqlarini ajratishning noravshan algoritmi ishlab chigilgan;

tegishlilik funksiyalar xossa va xususiyatlarini inobatga olgan holda
noravshan segment va ulami o‘zgarishiga ko‘ra yumshoq segmentatsiyalash
algoritmi ishlab chiqilgan.

Tadqiqotning amaliy natijalari quyidagilardan iborat:

dinamik va strukturaviy xususiyatlar shkalasi asosida tasvirda shovqinlarni
filtrlash algoritmi ishlab chiqilgan;

real video kadrlar asosida ma’lum bir obyektlar, jumladan o‘rmon va dasht
zonalarida yong‘in holatini nazorat gilish mexanizmi ishlab chigilgan;

real vaqt rejimida videotasvirlarni ragamli qayta ishlashning samarali usul va
algoritmlari asosida tutun, olov va yong‘inni aniqlashda kadrlarni qayta ishlashni
qurilma vagtni gisqartrish imkoni yaratilgan;

ma’lumotlarni intellektual tahlil gilish tizimlari asosida tasvirlarni ragamli
qayta ishlash uchun noravshan to‘plamlar nazariyasining matematik apparati ishlab
chigilgan;

qaror gabul gilishni qo*[lab-quvvatlash uchun muqobil yechimlarni yaratishda
tasvir obektlari konturlarini aniglash usuli ishlab chigilgan;

konturni tahlil gilish algoritmlari yordamida dinamik obektlarni ajratib olish
aniqligi asoslangan;

k-o‘rtacha va c-o‘rtacha usullari yordamida rangli tasvirlamni
segmentatsiyalashning noravshan klasterlash algoritmi ishlab chigilgan.

Tadgiqot natijalarining ishonehliligi boshqaruv qarorlarini gabul gilishni
qo‘llab-quvvatlashda muqobil variantlarni shakllantirish uchun noravshan
to*plamlar nazariyasiga asoslangan tasvirlarni gayta ishlash va tahlil qilishning taklif
etilgan modellari va usullarini matematik o‘rganish amalga oshirilgan, natijada
olingan formulalar va hisob-kitoblar qiyosiy tahlili umumiy qabul gqilingan
mezonlarga asoslangan ma’lumotlar real va tajriba yordamida amalga oshirilgan.
Tadgiqot natijalarini ziddiyatli bo‘lmasligini baholash magsadida obektlarni
segmentatsiyalash va ularni konturlarini ajratish muammolarini hal qilishga
mo*ljallangan dasturiy ta’minot samaradorligi sinovdan o‘tkazilgan.

Tadqiqot natijalarining ilmiy va amaliy abamiyati. Tadqiqot natijalarining
ilmiy ahamiyati qarorlami qo‘llab-quvvatlash tizimlari uchun tasvirlamni tahlil gilish
model, usul va algoritmlari asosida tasvirlarga raqamli ishlov berish va tanib olish
sifat va ishonchlilikni ta’minlovchi tanib olish qoidalarini qurish texnologiyalarining
nazariy asoslarini istigbolli rivojlanishiga ishlab chiqilgan model va algoritmlaming
hissa qo‘shishi bilan izohlanadi.

Tadqiqot natijalarining amaliy ahamiyati taklif etilgan algoritmlar va dasturiy
majmuani loyihalash hamda yaratiladigan turli zamonaviy tasvirlami tahlil gilish
tizimlarining ishchi belgilar lug‘atini shakllantirish bilan izohlanadi. Tadqigot
natijalarini qo‘llash obyekt, hodisa va jarayonlarning muhim belgilari asosida
tavsiflash orqali tasniflash va tanib olishga sarflanadigan manbalarni gisqartirish,
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shuningdek, timsollarni belgilangan sifat va ishonchlilikni ta’minlagan holda tanib
olish imkonini beradi.

Tadgiqot natijalarining joriy qilinishi. Noravshan to‘plamlar nazariyasiga
asoslangan tasvirlarni tahlil qilish uchun ishlab chiqgilgan usullar, algoritmlar va
dasturiy ta’minot asosida:

raqamli tasvirlardagi uchraydigan noaniqliklarni inobatga olgan holda intiutiv
noravshan to‘plamiga ko‘ra kamaytirishni moslashuvchan va bargaror matematik
modeli hamda dasturiy ta’minoti Sirdaryo viloyati Favqulodda vaziyatlar
boshqarmasiga joriy etilgan (Sirdaryo viloyati Favqulodda vaziyatlar
boshqarmasining 2019 yil 26 noyabrdagi ma’lumotnomasi). Natijada tasvirlarni
tahlil gilish hisoblash tezligini 2 barobarga oshirish imkonini bergan;

klasterlash usullar xossalarini inobatga olgan holda qarorlarni qabul gilishni
qo‘llab-quvvatlash qoidalariga ko‘ra tasvirlarni segmentatsiyalashning noravshan
yondashuvli uslubi Samarqand viloyati Favqulodda vaziyatlar boshqarmasiga joriy
etilgan (O“zbekiston Respublikasi Favqulodda vaziyatlar vazirligining 2019 yil 29

noyabrdagj Ne2/4/24-3161-son ma’lumotnomasi). Natijada videotasvirdagi dinamik
obyektlari ajratib olishda 85-87%, ish unumdorligini esa 10-15% ga oshirish
imkonini bergan;
shovqin turlarini inobatga olgan holda ranglarni sezilarli o‘zgarmaydigan
lokal E«mhalami tekislash yondashuvlariga ko‘ra ulami pasaytirish algoritmi va
dz{snmy ta’minoti Samarqand viloyati Favqulodda vaziyatlar boshqarmasiga joriy
etilgan (Samarqand viloyati Favqulodda vaziyatlar boshgarmasining 2019 yil 22
noyab.rdagi ma’lurmotnomasi). Natijada tasvirlarni tahlil gilish asosida tutun va
olovni aniglash vgqti 2 baravargacha gisqartirish imkonini bergan;
tasvxr yorthklanm inf;batga olgan holda noravshan o*sishlar tahliliga ko‘ra
k9ntur chiziglarini ajratishning noravshan algoritmi hamda dasturiy ta’minoti
S‘nrdary.o viloyati Favqulodda vaziyatlar boshqarmasiga joriy etilgan (Sirdaryo
vnlolyatl tIl;'avqulgdltzlla v:ziyaﬂa.r boshqarmasining 2019 yil 26 noyabrdagi
ma’Jlumotnomasi). Natijada tasvirlarni tahlif gilish hi igini 2-
oshirish imkonin berg z-tln : qilish hisoblash tezligini 2-3 barobarga
tegishlilik funksiyalar xossa va xususiyatlarini inobatga olgan holda
nora\fsha.n segment va ulami o‘zgarishiga ko‘ra yumshoq segmentatsiyalash
algoritmi hamda dasturiy ta’minoti Sirdaryo viloyati Favqulodda vaziyatlar
boshqarmasiga joriy etilgan (O‘zbekiston Respublikasi Favqulodda vaziyatlar
v.amhgmmg 2019 il 29 noyabrdagi Ne2/4/24-3161-son ma’lumotnomasi). Natijada
videotasvirdagi dinamik obyektlamni ajratib olishda o*rtacha 85%, ish unumdorligini
esa o‘rtacha 15% ga oshirish imkonini bergan.
Tadgqiqot natijalarining aprobasiyasi. Dissertasiya ishining asosiy nazariy
va amaliy natijalari 24 ta ilmiy-amaliy konferensiya, jumladan, 13 ta xalqaro va 11
ta respublika simpozium va seminarlarida ma’ruza gilingan va muhokamadan
o‘tkazilgan.
Tadqigqot natijalarining e’lon gilinishi. Tadgiqotning asosiy natijalari 39 ta
ilmiy nashrlarda chop etilgan bo‘lib, shundan 1 ta monografiya, 11 ta O‘zbekiston
Respublikasi Oliy attestasiya komissiyasi tomenidan doktorlik dissertasiyalarining
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asosiy ilmiy natijalarini chop etish uchun tavsiya etilgan jurnallarda, jumladan 5 tasi
xorijiy va 6 tasi respublika jurnallarida chop etilgan.

Dissertasiyaning tuzilishi va hajmi. Dissertasiya kirish, besh bob, xulosa,
foydalanilgan adabiyotlar ro‘yxati va ilovalardan iborat. Dissertatsiya hajmi 185 bet.

DISSERTATSIYANING ASOSIY MAZMUNI

Kirishda dissertatsiya mavzusining Oc¢zbekiston Respublikasi fan va
texnikasini rivojlantirishning ustuvor yo‘nalishlariga muvofigligi va dolzarbligi
asoslanadi, dissertatsiyaning maqsad va vazifalari shakllantiriladi, tadqiqot obyekti
va predmeti belgilanadi, ilmiy tadqiqot'yo‘nalishlari belgilab beriladi. tadqiqotning
yangiligi va amaliy natijalari, olingan natijalarning ishonchliligini asoslaydi, olingan
natijalarning nazariy va amaliy abamiyatini tavsiflaydi, dissertatsiya tadgiqoti
natijalarini amaliyotga tatbiq etish ro‘yxati, chop etilgan ishlar va dissertatsiya
tuzilishi hagida ma’lumot beriladi.

Dissertatsiyaning tahliliy va analitik xususiyatga ega bo‘lgan “Tasvirlarni
qayta ishlash va ¢ahlil gilishning nazariy aseslari” nomli birinchi bobida raqamli
tasvirga ishlov berishning zamonaviy yondashuvlari, usullari va algoritmlari tahlili
olib boriladi, noravshan tasvirlarni tahlil qilish asosida qarorlar qabul qilish bilan
ishlash ta’minlanadi. Tahlil shuni ko'rsatdiki, raqamli tasvirni qayta ishlash
vazifalarida qo‘llaniladigan mavjud yondashuvlar, modellar, usullar va algoritmlar
qo*llaniladigan matematik apparatlar nuqtai nazaridan tahlilni kafolatlay olmaydi va
kontrastlami oshirish va konturlarni ajratib ko'rsatish bilan bog’liq muammolar
zanjirini, ya’ni nazariy informatikaning markaziy muammolaridan birini
shakllantirish va amalga oshirishda kerakli samaradorlik tartibiga ega segmentatsiya
tasvirlari sifatida, raqamli tasvirlar ko'rinishida taqdim etilgan obyektlarni tasniflash
va tanib olish muammolarini izchil hal gila olmaydi.

Ushbu muammo avtomobilning davlat ragamlarini aniqlash bilan bog’liq
tasvirlar shaklida noravshan dastlabki ma’lumotlarni tagdim etishda ko‘plab amaliy
qarorlar qabul gilish muammolari uchun xosdir; odamlar, hayvonlar va o‘simliklar
kasalliklarining diagnostikasi; biometrik shaxsiy identifikatsiya; yemi masofadan
zondlash, o‘rmon yong’inlarini aniqlash; suv toshqini maydonini aniqlash, mahsulot
sifatini tahlil qilish va raqamli tasvirlarni tahlil qilish va tadqiq qilishni talab
qgiladigan boshga ko*plab shunga o‘xshash vazifalar.

Shu sababli, asl ma’lumotlarning noravshan ifedalanishi sharoitida
kontrastlami oshirish, konturlarni ajratib ko‘rsatish va tasvirlarni segmentlarga
bo‘lish bilan bog’liq muammolarni hal gilish uchun ragamli tasvimi qayta
ishlashning yondashuvlari, modeliari, usullari va algoritmlarini takomillashtirish,
ishlab chigish va tadqiq qilish masalalari dolzarbdir. Ya’ni, noravshan to‘plamlar
nazariyasining matematik apparati yordamida tasvirni qayta ishlash uchun modellar,
algoritmlar va dasturiy ta’minotni ishlab chiqish zarur.

Birinchi bobning yakuniy paragrafida dissertatsiya tadqiqotining maqgsadi va
asosiy vazifalari elon gilingan.

Dissertatsiyaning  “Noravshan to‘plamlar nazariyasi apparatidan
foydalanib tasvirlarni qayta ishlash” nomli ikkinchi bobida obyektlarning axborot
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xususiyatlarini saqlaydigan muammoga yo‘naltirilgan dastlabki ishlov berish
yondashuvlaridan foydalanishni nazarda tutuvchi noravshan tasvirlarni qayta ishlash
va identifikatsiyalash tushunchasi taklif gilingan. U funksiyalar ierarxiyasi hagidagi
ma’lumotlardan foydalanib, ishlov berish vaqtini gisqartirish orqali noravshan
ishlov berish uchun tasvirdagi ob’yektni o‘rganish va tanlash (aniglash) jarayonini
soddalashtirish va tezlashtirish imkonini beradi.

Tasvirlarni qayta ishlashda ma’lum xususiyatlardan kelib chiqgan holda
tasvirning ba’zi bir turdagi joylarini tanlash zarur bo‘ladi. Tasvirni oldindan qayta
ishlash bosqichlari buzilishlarning tanib olish jarayoniga ta’sirini kamaytirishi
mumkin. Birog, tanib olish to‘liq bo‘lmagan va noravshan ma’lumotiar sharoitida
sodir bo*ladi. Ushbu muammoni hal gilish uchun noravshan mantiq texnologiyalari
eng mos keladi, noravshan mantiq klassifikator vazifasini bajaradi. Vizual
ma’lumotlarni qayta ishlash muammolarida noravshan mantigdan foydalanish
tarmoq arxitekturasi va uning ishlash algoritmini saqlab golgan holda noravshan
mantiqni o‘rganish yoki yangi vazifalarga moslashtirish xususiyati bilan ham
oqlanadi.

Ushbu bobning birinchi paragrafida kirish va chigishlarning tegishlilik
funktsiyasidan tuzilgan noravshan qoidalar keltirilgan va bu goidalar “AGAR-U
XOLDA™ shaklida ifodalangan asosiy va xulosa o‘riasidagi bog’lanishni
ta’minlaydi. Umuman olganda, qoidalar ko‘rib chiqilayotgan mavzu bo‘yicha bir
yoki bir nechta mutaxassislarning tajribasidan kelib chiqishi mumkin.

Ushbu qgoidalarda ko‘rib chiqilayotgan piksel va uning qo‘shnilari o‘rtasidagi
yorginlik qiymatlaridagi farglar kirish, bu pikselning yorqginligi qiymatlarining
oshishi/kamayishi esa chiqish hisoblanadi. Agar tasvir yorqinligi giymatlari [0, L-1]
oralig'ida (bu erda L - yorginlik gradatsiyalari soni) deb faraz qilsak, u holda oddiy
uchburchak noravshan to‘plamlar - ijobiy o'rtacha va salbiy o'rtacha aniglanadi.
Interval [-L+1, L-1] va kirish o‘zgaruvchilarning yorqin va qorong’i yorginligi
giymatlarini ifodalaydi va kichik musbat, nol va kichik manfiy uchburchak
noravshan to‘plamlar ko‘rsatilgan giymatning o‘sishi (tuzilgan qoidalarning
ogibatlari bo‘yicha) sifatida aniqlanadi. Chiqish qiymati asl piksel yorqinligi
qiymatiga qo“shiladi.

Tasvirlarning sifatini yaxshilash uchun tasvir sifatini lokal moslanuvchan
yaxshilashning hisoblash algoritmi o‘rtacha yorqinlikni, shuningdek, uning
tagsimlanishini, tasvir elementlari va uni tuzatish imkoniyatini hisoblash va tahlil
qilish bilan, yani, tasvirning qorong’u joylarini ochigroq gilish va tasvirning juda
ochiq joylarini qorong’iroq gilish imkoniyati bilan, taqdim ctilgan.

Quyida dastlabki ma'lumot noravshan bo'lsa, tasvir kontrastini yaxshilash
usuli keltirilgan. Ma'lumki, buzilgan tasvir elementlari ko‘pincha go*shni
elementlardan sezilarli darajada farq giladi. Ushbu kuzatish shovqinni kamaytirishni
ta’minlaydigan ko‘plab algoritmlar uchun asos bo'lib xizmat giladi. Agar berilgan
elementning yorginligi yaqin atrofdagi elementlar guruhining o‘rtacha yorginligidan
ma’lum chegara giymatidan oshsa, elementning yorqinligi noravshan o‘rtacha
yorqinlik bilan almashtiriladi (1-rasm).
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1-rasm. Noravshan dastlabki ma’lamotlarga ega ishlov berilgan tasvir

Tasviming har bir nuqtasida natijaga erishish uchun ishlov berish
protseduralarining aksariyati qayta ishlanayotgan nuqtani o‘rab turgan asl tasvirdagi
ma’lum nuqtalar to‘plamidan ma’lumotlarni kiritishni o°z ichiga oladi. Shu bilan
birga, bir qator protseduralar mavjud bo‘lib, ularda elementlarga ishlov berish
amalga oshiriladi. Xira tasvirda har bir elementni noravshan to*plam sifatida ko‘rish
mumkin.

Usulning samaradorligini oshirish uchun markaziy elementning yorqinligiga
nisbatan standart og’ishlarni hisobga olgan holda tasvirning lokal atrofi go'shimcha
ravishda baholash va shu asosda mabhalliy tasvir elementlaridan yorqinlik
kontrastlarining chiziqli bo‘lmagan transformatsiya funksiyasini shakllantirish taklif
etiladi. _ ,

Quyida noravshan boshlang’ich ma’lumotlarga ega tasvir yorqinligini chizigli
oshirish algoritmi tasvirlangan.

Tegishlilik funksiyalari 2’ (x,¥)va #%(x,y) quyidagicha aniglanadi:

1. Normallashtirish:
=] f (x: Y ) —f min

fmax —fm )
2. Fazzifikatsiyalash (Noravshanlanish):
1

1+ u(x’y)_ci
9

u(x,y)

u (x,y)= i=Lk.

3. Fazzifikatsiyalashni (Noravshanlanishni) aniglashtirish:

1
204/ (%, y))%, o<yl <,
”lf (x9 y ) = 1
1-20-4/ o), 5 <#/ <L
4. Normallashtirish:
18G5 Y) = 8

moax — Emin

5. Fazzifikatsiyalash (Noravshanlanish):

v(x,y)=



1
1+ v(x,y)—¢,

O¢

6. Fazzifikatsiyalashni (Noravshanlanishni) aniqlashtirish:

l‘:g(-",y)= i=i:;.

2(uE (), 0 uf(x,y)< %
”is(xay) =

1
1=20-pf Y)Y o< S

Bu erda f(x,y¥)va g(x,y) tasviming birlamchi va qayta ishlashdan keyin mos
ravishda olingan kadrning (x,3) nuqtasidagi yorqinlik qiymatlari, X - satr raqami va
Y ustun ragami;

Ci, Oyva Oy tegishlilik funksiyasining parametrlari.

Kompyuterga kiritilgan tasvirlar ko‘pincha past kontrastli, ya’ni ulaming
yorqinligidagi o‘zgarishlar uning ofrtacha qiymatiga nisbatan kichik bo‘ladi.
Bunday holda, yorqinlik qora rangdan oq rangga emas, balkim kulrangdan biroz
ochroq kulrangga o‘zgaradi. Ya’ni, haqiqiy yorqinlik oralig’i ruxsat etilganidan
(yorqinlik shkalasidan) ancha past bo‘ladi. Kontrastni oshirish masalasi tasvirning
yorginlik oralig’ini to‘liq miqyosga “cho'zish™ni bildiradi.

Bu masalani chizigli kontrastni elementma-element o*zgartirish yordamida

hal qilish mumkin:

g(x,y)=af (x,y)+b,
yani, shunday a va b olinadiki, ular yorqinlik maydonining noravshan giymatlarini
ba’zi standart kattaliklarga keltiradi. Bu erda M[f(x,¥)],o{f(x,¥)] oldindan
baholanadi, a, b koeffitsientlari shunday tanlanadiki, chigish maydoni uchun

Mig(x,y)], oig(x,y)]tar olinsin:

e _f(x,)’)—W(X,.V)]_ _
8(x,y)= ey olg(x, y)1+ M(g(x,y))=

=OLECIN £ 4 Mlg(x, y)]- MLS (x, )] —218: 2

olf(x»)] olf(x]’
yani
_olst)l. , _ olgx»1
= el b=Mlg(x.»-ML/(x.y)] .
Bu yerga
k
iﬁ(x,)’)'#.j(%)’) Zg.-(x’)’)'ﬂf(x,J’)
MU, )= . Mig(x,y)]=3— ;
> u () > 1 (x,3)

i=1 i=l
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0, g(x,y)<0,
g(x,»)=F(f(x,y))=18(x,y), 0<8(x,y)<255,
255, 2(x,y)>255.

2.2 paragrafda kontrastni kuchaytirish uchun intuitiv noravshan yondashuv
taklif gilingan, bunda raqamli tasvirlarda mavjud bo‘lgan moravshanlikni hal
qilishning moslashuvchan va moslasha oladigan usuli taklif gilingan.

A tasvir ko'rilgan, hajmi M x N piksel, kulrang darajadagi » mavjudligi 0 va
L -1 oralig’ida. Tasvirga ishlov berish uchun INTdan foydalanilganda, ularni
noravshan singltonlar massivi deb hisoblash mumkin. Har bir massiv elementi
yorqinlik, aniglik, bir xillik kabi oldindan belgilangan tasvir xususiyatlariga
muvofiq kulrang darajagi g; (7,/)-chi pikselga mos keladigan tegishlilik giymatiga
#,;(g;) ishora qiladi.

Ushbu yondashuvni umumlashtirish sifatida intuitiv noravshan muhitda
quyidagi tasvirni taqdim etish kiritilgan:

A={(g,. na(g,) vale,))|gy € 0, LB},

bu yerda {€{L...M} va je{l...N}, ui(gy) va va(gy) mos ravishda (i,j)-chi
pikselning tasvir xossalariga muvofiq to‘plamga tegishlilik va tegishli emaslik
darajasini bildiradi.

INT nazariyasiga asoslangan tasvirni gayta ishlash usullari raqamli tasvirlarda
tez-tez uchraydigan birqiymatlimaslik va noravshanlik sharoitida tasvir kontrasti
kabi “sifatli” xususiyatlar bilan kurashish uchun moslashuvchan matematik asosni
ta’minlaydi.

Tasvirlardagi noravshanlik turli omillardan kelib chigadi. Ular pikselning
“kulrang™ yoki “o‘tkir” ekanligini aniqlashda bizning ishonchimizga ta’sir giladi va
shuning uchun tegishli nuqta bilan bog’liq ba’zi shubhalarni keltirib chiqaradi.
Tasvir piksellarining yorqginligini tavsiflovchi A komponentining INTga
tegishliligini aniglash an’anaviy noravshan tasvirni qayta ishlash tizimlarida
bo*lgani kabi amalga oshirilishi mumkin bo*lgan oddiyroq vazifadir. Taqdim etilgan
evristik tizimda kulrang daraja qiymati g ning uning normallashtirilgan intensivlik
darajasiga tegishliligini ko‘rib chiqamiz:

- 8
kA8 =777

bu yerda & €{0,...L~1}. Shuni ta’kidlash kerakki, u4ni hisoblashning boshqa har
ganday usuli qo*llanilishi mumkin.

Biz tanlovimizni “kulrang daraja taxminan g” ga teng tushunchasini ifodalash
uchun kontseptual jihatdan mos bo‘lgan simmetrik noravshan ragamlar bilan
cheklaymiz. Simmetrik uchburchak noravshan son quyidagicha aniqlanadi

HOE maX{O,l - l%g]}’

bu erda musbat parametr p sonning shaklini boshqaradi.
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Tasvirning xiralashishi - tasvir piksellari bilan bog’lig ikki s
L . " " lig ikkima’noliknin
kulx:apghgz o ]chOYldlr.'B.a zan yf)rqm va gorong’i joyla:go‘crl(asidagj kontrastn%
oshirish uchun tasvirdagi xiralik miqdorini bir necha marta kamaytirish talab etiladi.
Nor.avsh'anhkm minimallashtirishga asoslangan kontrastni kuchaytirish algoritmi
quyidagi shaklda taklif etiladi: ©

—F,
- Eux—8g) °
() =|14+2m=x"&
H4(2) ( o ] ,
bu yerda gues; istalgan narsaning maksimal kulrang darajasini bildiradi va Fi, Fy
mos xc:)lda noravsha.n tekisliklarda noaniqlikni boshqaradigan eksponensial’ va
denominatsional fazzifikatorlardir. F,; fazzifikator quyidagicha aniqlanadi:

Fy= gmax-g.

e
F,
(2) ‘

Tegishlilik giymatlarini o‘zgartirgandan so‘ng, defazzifikator quvidacich
amalga oshiriladi: g ator quyidagicha
0 ecrug<0,
g=1{F ecnu0sg <255,

255ecnu g' > 255,

bu yerda g’ - yangi kulrang daraja va £’ teskari tegishlilik funksiyasidan hosil
qgilinadi:
-1
B = Zmax —Fy | (y(2)) -1|.

2.3 paragrafda tasvirlardagi obyektlaming konturlarini aniglashning mavjud
usullari tahlili keltirilgan. Tasvirlardagi obyektlarning konturlarini aniglash
muammosini hal gilish uchun oxirgi paytlarda asosan quyidagi uchta yondashuvlar
qo‘llanilgan:

1) diskret hosilalarni hisoblashga asoslangan yondashuv;

2) tasvirlarning har bir pikseli atrofidagi yorginlikning statistik tahliliga
asoslangan yondashuv;

3) noravshan to‘plamlar nazariyasidan foydalanishga asoslangan yondashuv.

Diskret hosilalarni hisoblashga asoslangan yondashuv doirasida ishlab
chiqilgan barcha usullar birinchi va ikkinchi tartibli hosilalarni hisoblashga
asoslanadi va ikki guruhdan iborat. Birinchi guruh usullar gradientlar operatorlariga,
ikkinchi guruh esa Laplas operatorlariga asoslangan.

Gradientlar operatorlarini aniglash usullarining asosiy g’oyasi birinchi
darajali diskret differentsialdagi muhim (maksimal) o*zgarishlarga mos keladigan
piksellar to‘plamini izlashdir. Bunda obyekt konturlarini aniglash gradient
vektorlarining maksimal modulini izlash asosida amalga oshiriladi.

Laplas operatorlari yordamida konturlarni izolyatsiya qilish diskret ikkinchi tartibli
hosilani aniqlashga qisqartiritadi. Laplas operatorlariga asoslangan usullarning
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asosiy g’oyasi tasvirdagi yorqinlik darajasidagi uzilishlarni ta’kidlash va yorqinligi
zaif o‘zgarishlar bo‘lgan joylarni bostirishdan iboratdir. Laplas operatorlariga
asoslangan usullarning asosiy afzalligi shundaki, ular juda tezdir. Ushbu
protseduralarning kamchiliklari tasvir shovginiga sezgirlikdir. Shu sababli, amaliy
masalalarni yyechishda Laplas operatorlariga asoslangan kontumni aniglash usullari
amalda qo*llanilmaydi.

Hozirgi vaqtda statistik usullar asosida ishlab chigilgan bir gancha konturlarni
ajratib olish algoritmlari mavjud. Ushbu algoritmlarning asosiy g’oyasi ko‘rib
chiqilayotgan tasvir elementining qo*shni piksellari yorginligining standart og’ishini
tahlil gilish asosida obyektlarning konturlarini aniqlashdir.

Ushbu yondashuvning bir varianti tasvirning bir hil sohalari aniglanadigan
tasvir segmentatsiyasidir. Natijada, ko‘rib chigilayotgan asl tasvir idealga
aylantiriladi. Keyinchalik, diskret hosilalarni hisoblashga asoslangan usullardan biri
yordamida segmentlangan tasvirning konturlarini aniglash mumkin. Ushbu usullar
katta hisoblash amallarini talab giladi. Ushbu kamchilik tufayli, tasvirlardagi
obyektlarning konturlarini aniqlashda bu usul amalda qo*llanilmaydi.

FIRE (fuzzy inference ruled by else-action — ELSE-harakat asosida noravshan
xulosa chiqarish) paradigmasiga asoslangan konturlarini aniqlashda usuli shovqinga
nisbatan bardoshlilikga ega. Bu usulda noravshan qoidalarga hissa sifatida 3x3
atrofida kulrang darajadagi farqlardan foydalanadi.

“Kontur” va “burchak™ tushunchalarini kiritish orqali gradient, simmetriya va
to‘g‘richiziqlilik kabi lokal xususiyatlar birlashtirilgan noravshan mantiqga
asoslangan kontur ajratish usulining kamchiligi shundaki, kontur nuqtasini ikkita bir
xil tekis maydonlar orasidagi yuqori gradientli nuqta sifatida an’anaviy ta’rifi
burchaklarda (tekis o‘lchovli maydon o‘tkir burchakka ega bo‘lgan) ishlamaydi.
Tasvirni 3-noravshan gismlarga (sohalarga) bo‘lish, so‘ngra eng yaxshi qirrani olish
uchun maksimal entropiyani topish orqali konturni aniglash usuli. Shuningdek, u
entropiya funktsiyasini maksimallashtirish uchun zarur shartni oladi. Ushbu
shartlarga asoslanib, uch darajali chegaraviy qiymat olinadi.

Noravshan to‘plamlar nazariyasi va noravshan mantigqa asoslangan usullar
takomillashtirilmoqda. Raqamli tasvirni qayta ishlash sohasida erishilgan
yutuglarga qaramay, bir qator hal qilinmagan muammolar mavjud. Jumladan,
predmet sohasini noravshan tizimga mos akslantirish, noravshan mantiqiy xulosalar
modellarini tanlash va ularni yagona intellekiual tizimga integratsiyalash
muammolari shular jumlasidandir. Shu bilan birga, noravshan to‘plamlar
nazariyasiga asoslangan ishlab chiqilgan ko*plab usullar katta hiseblash resurslarini
talab qiladi, bu esa ulardan amaliy tizimlarda, masalan, biometrik kirish-chiqgishni
boshgarish tizimlarida foydalanishni murakkablashtiradi.

2.4 paragrafda rangli tasvirlamni yaxshilashga yondashuv taklif gilingan,
bunga dinamik oraligni kengaytirish usulidan asos sifatida foydalanilgan.Biroq,
intensivlik qiymatlarini haddan tashqari kuchaytirish, aynigsa rangli tasvirlar hagida
gap ketganda, har doim ham kerakli natijalarga olib kelmaydi. Shu sababli, bu usulda
piksel intensivligi giymatlarining kuchaytirilishini sozlash amalga oshirilgan.

Tasvirni yaxshilashda informativ parametrlar, sifatida lokal soha atrofining
o*Ichami va lokal sohada piksel intensivligini kuchaytirish koeffitsientlari qiymatlari
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olingan. lokal soha atrofining o‘lchami va lokal sohada piksel intensivligini
kuchaytirish koeffitsientlari qiymatlarini sozlash orqali tasvir tafsilotlari va piksel
intensivligi darajasini o'zgartirish hamda yakuniy tasvir rang komponentlarining
intensivlik qiymatlarini aniglash imkoniyati ko'rsatilgan.

Dissertatsiyaning “Rangli tasvirlarni noravshan to‘plamlar nazariyasi
apparati asosida segmentatsiyalash” nomli uchinchj bobi raqamli tasvirni qayta
ishlash va kompyuterda ko*rish sohasidagi asosiy masalalardan biri bo¢ Igan ragamli
tasvimi segmentatsiyalash muammosini hal gilishga bag’ishlangan.

Noravshan to'plamlar nazariyasiga asoslangan rangli tasvirlami segmentlarga
bo‘lish usuli ishlab chigilgan va takomillashtirilgan.

Ofrganilayotgan tasvir 7 m (m = m,, x m,,) elementlardan iborat bo*lsin:
I=Puwluel0,....(my— D] v€0,..,(m, - 1)]).

Har bir element 7 bir gator X xususiyatlar (yoki belgilar) bilan ifodalanishi

mumkin deb taxmin gilinadi:

X={x..,x, v Xp )
U holda o‘rganilayotgan tasvirlarni m elementlardan iborat J to‘plam deb hisoblash
mumkin:

= {ji, .oy 71, eesy” 71".}:
buyerdai=u+my,-v(m€ID,..,(n,-1)], velo,.., (my, — 1)]). Bu holda,
har bir obyekt ;ga ¥; belgilar vektori mos keladi:

h fi = (xn, ....xi,-, ee ,xi,,).

{%1,-., 3, ... I} obyektlar to'plamini (m x n) o*Ichovli ma’lumotlar jadvali
Tonn(Tn = {Tuplu € [1, ..., m], v € [1, ..., n]}) sifatida ifodalash mumkin. Har bir
satr Tn, mos keladigan obyektning belgilar vektori qiymatiga teng.

Boshlang’ich ma’lumot Ton berilgan bo‘lsin. Noravshan
segmentatsiyalashning vazifasi ko‘rib chiqilayotgan obyektlar to‘plamining barcha
noravshan bo‘lishlarir orasidan maqsad funksiyasining ekstremumiga erishishni
ta’minlovchi berilgan sonli kichik to‘plamlarga noravshan bolinishini aniglashdan
iborat.

Noravshan segmentatsiyalash masalasiga oydinlik kiritish uchun biz ba’zi
tushunchalami kiritamiz. Qidirilayotgan noravshan segmentlar segmentatsiyalash
obyektlarining boshlang’ich -to‘plamidan iborat bo‘lgan ba'zi bir S; kichik
to‘plamlarni ifodalasin, va bu to‘plamga nisbatan quyidagi shartlar bajarilsin:

£
a0 =1 (vieD
=

bu erda / - noravshan segmentlar S; soni (j € {2, ..., £}).

Har bir poravshan segment oldindan belgilangan va tipik element (yoki
g;markaz 3z; = (2, ., 2ij, -, Zin)) bilan tavsiflangan deb taxmin qilinadi
(gidirilayotgan noravshan segmentning S; (j € {2,...,£})), va u har bir belgilar
bo‘yicha hisoblanadi:

7= (i (us,000) - rm) / i (1500) . @
U =1

=1
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bu erda Ty, — u — obyektdagi (elementlar) i — belgining qiymati; k — eksponensial
og’irlik deb ataladigan algoritm parametri va u haqigiy songa teng (k> 1).
Magsad funktsiyasi sifatida kvadrat xatolar yig’indisini ko‘rib chigamiz:
i

L k
R=Y"Y (us,®%) 0=z @
j=1u=1
bu erda {|x]| -vektor normasi x (Jlx]| = Vx'x"); k- algoritm parametri, uning giymati
elementlarning 1 m soniga qarab o‘rnatiladi. m ganchalik katta bo'lsa, k qiymat
shuncha kichikroq bo*lishi kerak.

Taklif efilayotgan yondashuvning asosiy g’oyasi ko‘rib chigilayotgan
tasvirning bir hil sohalarini belgilaydigan piksellar to*plamini shakllantirishdir. Rni
| kichik to‘plamlarga bo‘linish R to‘plamning har bir elementining tegishlilik
funktsiyasini takroriy baholash asosida amalga oshiriladi.

Ko'rib chigilayotgan rangli tasvir W X H piksellardan iborat bo‘lsin va RGB
tizimida tasvirlangan bo‘lsin. Taklif etilayotgan segmentatsiya algoritmi uch
bosqgichdan iborat.

Rangli tasvirni oldindan qayta ishlash. Segmentatsiya algoritmlarini go‘llash
uchun asl rang maydonini RGB maydoniga aylantirish talab etiladi. Ushbu
bosqichda qo‘llaniladigan protseduralar quyidagi dastlabki ishlov berish
variantlarini taqdim etadi:

1) segmentatsiyalash uchun mo*}jallangan tasvirni tekislash;

2) rang koordinatalar tizimini o‘zgartirish .

Ushbu bosqgichda ko‘rib chiqilgan algoritmlar segmentatsiyalash sifatini oshirish
uchun ishlatiladi va tasvimi segmentatsiyalash muammosini hal qilishning
boshlang’ich bosqichi hisoblanadi.

Noravshan belgilar to‘plamini yaratish bosqichida B boshlang’ich tasvirning
har bir hagqigiy elementini tavsiflash uchun bir gator noravshan belgilar aniglanadi.
Dastlabki tasvirining elementlarini belgilar vektorlari to*plamiga aylantirish uchun
tahlil qilinadigan dastlabki tasvirining har bir pikseli uchun quyidagi noravshan
xususiyatlarni aniqlash mumkin:

1.  Uch asosiy rangning har biri uchun (i = 1,2, 3) x,y koordinatalarda
noravshan pikse! yorginligi p;:

P = (zluc,(2) 20, z €%},
z =J;(x,y), ¥=1{0,1,...,255},
bu erda 7;(x, y) - koordinatalari (x, y) bo‘lgan pikselning i-chi rangining yorgqinligi.

6 rasmda tasvir yorqinligi belgilarini shakllantirishda qo‘llaniladigan
noravshan yorginlikning tegishlilik funktsiyalari keltirilgan.

(x,y) koordinatada har bir i-chi rang uchun J;(x,y) yorqinlik mos keladi:
C(C = {€,,C;,C3}). Bu erda C yorginlikning noravshan to‘plamiari: C,—zaif”
noravshan kichik to‘plam; C,- "o‘rtacha" noravshan kichik to‘plam; C3- “kuchli”
noravshan kichik to*plam.

2. 3x3(i =1,2,3)clementlardan tashkil topgan tasvirning ixtiyoriy
bo‘lagining S; noravshan yorginligi:

Si={siluc(8) =0, 5, €S}, SC X,
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bu erda ;- i-chi rangning {x, y) koordinatali piksel atrofiidagi o‘rtacha yorqinligi:
1

5i=(i Z :li(x+u,y+v))/9.

u=-1v=-—1
) (x,¥) — koordinatali piksel atrofida noravshan yorqinlikni (tasvir fragmenti
bo‘ylc}}a o‘rtacha yorginlik belgilarini yaratishda) aniglash uchun 2-rasmda
ko‘rsatilgan tegishlilik funksiyasidan foydalanish mumkin.

_3.3x3(i=1,2,3) elementlardan tashkil topgan tasvir fragmenti bo‘yicha
yorqinlikning o*rtacha kvadrat gqiymatining noravshan bahosi:
€ = {esluc,(es]) 20, ] €D}, DS %,
bu yerda e; — (x, ) koordinatali pikselning i-chi rangining o‘rtacha yorginligi:
2
el = Ximg Zieea (Bix + u,y + )

;“ b, (73 2e,(7) e, (2)

\ .\\\/, \
| F \

2-rasm. Jy(x, y) piksel yorqinligining noravshan to‘plamini yaratishda (x,y)
koordinatada har bir i -rang C(C = {C;, C3, C3}) bo‘yicha foydalaniladigan
tegishlilik funksiyalari. Bu erda C yorginlikning noravshan to‘plamlari; C, —
“zaif” noravshan kichik to‘plam; C,— “o‘rtacha” noravshan kichik to‘plam;
Cs- "Kuchli" noravshan kichik to‘plam.

4.3 x 3(i=1,2,3) elementlardan tashkil topgan tasvir fragmenti bo‘yicha
yorginlik dispersiyasining noravshan bahosi:
Dy = {byluc,(0:) 2 0, b €D}, D C %,
bu erda b; — (x,3) koordinatali pikselning i -chi rangining o‘rtacha yorginligi:

b = (Zl: i (fiC, v))z) / 9,

u=—1y=—1

f(urv) = gi(x +u,y+ ‘U) - -81(2?,}’),

bu erda &;(x,y) — (xy) koordinatali piksel atrofidagi i -chi rangning o‘rtacha
yorginligi.

Tasvir segmentlarining ta’rifi. Ko‘rib chigilayotgan  tasvirning !
segmentlarga bo‘linishi bog’liq piksellaming kichik to‘plamlarini shakllantirish
asosida amalga oshiriladi. Kuchli bog’langan kichik to‘plamlarni shakilantirishning
asosiy g’oyasi shundaki, bar bir segmentning elementlari, boshqa segmentlarning
“markazlariga® qaraganda, uning “markaziga” yaginroq bo‘ladi. Kuchli
bog’langanlaming kichik to‘plamlarini shakllantirish masalasi hal qilingan
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hisoblanadi, agar R to‘plam bo‘yicha segmentlarning "markazlari’ va
elementlaming mos keladigan kichik to‘plamlari chegaralarini aniglash mumkin
bo‘lsa. Segmentlarning markaziy elementiga yaginligi noravshan to‘plam
tushunchasi asosida aniqlanadi. .

R tasvimning amaldagi elementlari (ya’ni haqiqiy piksellar) to‘plamini ko‘rib
chiqamiz. Faraz qilaylik, har bir ruxsat etilgan p(p € R) elementga ikkinchi
bosqichda hisoblangan @ = (ay, ..., @, ..., @,) belgi-vektori mos keladi.

Tasvir elementlarining noravshan segmentatsiya algoritmini quyidagicha
tavsiflash mumkin. Mos ravishda segmentlar va segment markazlari sonini
tavsiflovchi /, C;(j = Z,1) berilgan bo‘lsin. U xolda, dastlabki Ro(R) =
{S;.1S; © R} bo*linishni aniglash uchun (1) formuladan foydalanib, segmentlaring
markazlarini va (2) formula yordamida maqsad funksiyasining qiymatini hisoblash
mumkin. Agar ba’zi j( j € {2,..,1}) va ba’zi txy(txy € 91) qiymatlar uchun
X, (thy vy ) =0,
bajarilsa, u holda mos keladigan noravshan segment uchun S; shunday g1;(r,) = 1
hisoblanadi va §; (@ = 1,1,j # q) segmentlar uchun u,-(txy) = 0 deb hisoblanadi.

Bundan tashqari, olingan noravshan segmentlar uchun segmentlarning
“markazlari” va maqsad funktsiyasining giymati mos ravishda (1) va (2) formulalar
yordamida aniqlashtiriladi.

Segmentlarning “markazlarini” hisoblash iterativ usul asosida amalga
oshiriladi, bu z; qiymatni ketma-ket aniqlashtirishga asoslangan (har bir
iteratsiyada (1) formulaga qarang). Bunda qiymat s, (9,) quyidagicha hisoblanadi:
lf‘sj(gu) = 6uj/(2£7=1 ‘suv)' auj = 1/(2?:1(Zij - Tiu))l
je{L2,.. . lue{l,2..,m}

tavsiflangan noravshan segmentatsiyalash algoritmidan foydalangan holda
segmentlarning “markazlarini” aniglashtirish jarayoni to‘xtaydi, agar quyidagi
shartlardan biri bajarilsa:

D|O(Rg-1) — O(R)| < &

2) bajarilgan iteratsiyalar soni q belgilangan g, sondan oshib ketadi.

Dissertatsiyaning “Noravshan to‘plamlar nazariyasidan foydalanib
tasvirda kontuur chiziglarini ajratish” nomli to‘rtinchi bobi tasvirlardagi
obyektlarning konturlarini aniglashga qaratilgan algoritmlar sinfini ishlab chigishga
bag’ishlangan.

4.1 paragrafda noravshan to‘plamiar nazariyasi asosida qurilgan tasvirlardagi
obyektlarning konturlarini aniglash algoritmlari sinfi ishiab chigilgan.

RGB rang fazosida berilgan, uchta asosiy rang bilan aniglangan maqgbul I
tasvirlar to'plamini ko'rib chiqamiz: gizil (R), yashil (G) va ko‘k (B). Bunday holda,
har bir haqiqiy tasvir I X o‘lchamli m X n x ¢ uch o‘Ichovli matritsa sifatida taqdim
etiladi (bu yerda ¢ - rangli kanallar soni mva n— mos holda qatorlar va ustunlar
soni):

X= "xijk"mxnxk’
bu erda x;j; - asosiy rangga asoslangan x;; elementning yorqinlik darajasi.
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Tasvir ob’ektlarining konturlarini aniglash masalasi "xij"mxnda ma’lum bir
rangdagi (masalan, yarim rangli tasvir uchun) oddiy bog’langan sohalami
chegaralaydigan egri chizigni topishdir.

Avtomobil raqamlarining tasvirlari 7™ s to‘plamni - ikki o‘Ichovli matritsa
X ni ko*rib chigamiz:

Xqq Ryj Xy

X=| Xj - Xj5 Xy 3)

x"! ee XHi ---XHW
bu yerda x;; —berilgan raqamli tasvirning intensivligi (x;; € [0,1,2,...,255]);
=12, H: j=12..W ,
Masala quyidagidan iborat: elementlari kontur ko‘rsatkichlaridan iborat
H X W o‘Ichamli X matritsani qurish talab etiladi:

11 ot Ny

X=| %1 > By |
. le ey IHj cws xHW
bu yerda ¥;; - i-chi qator va j-chi ustunda joylashgan tasvir elementini xarakterlaydi:
_ {1,agar x; piksel kontur chizigning elementi bo‘lsa;
®j = {0, boshqa xollarda.

Bunda, X matritsasi elementlari raqamli (3) tasvirlar ko‘rinishida taqdim
etilgan obyektlarning shakllarini yetarli darajada tavsiflashi talab qgilinadi.

Taklif etilayotgan yondashuvning asosiy g’oyasi har bir piksel uchun
noravshan o‘sishlami tahlil gilish asosida kontur tasvirini shakllantirishdir. Ko‘rib
chigilayotgan tasvimni H x W elementlardan tashkil topgan nugtalar to‘plami
sifatida tasavvur gilaylik. Taklif etilayotgan algoritm quyidagi bosqichlardan iborat:

1. Markaziy elementning atrofini berish. Ushbu bosgichda har bir markaziy
element uchun siljuvchi oyna oflchami 8y, = 2k, + 1,8, = 2ky + 1, (odatda
Lwx8, ky,ky butun sonlar) aniqlanadi. Ushbu oynaning o‘ichami ky va ky
parametrlar bilan belgilanadi, ular tasvirdagi obyektning konturlarini aniglashda
ko‘rib chigilayotgan masalaning xususiyatlaridan kelib chigqan holda aniglanadi.
Ushbu siljuvchi oyna parametrlari aniglangandan so‘ng, ko‘rib chiqilayotgan
markaziy element (2, v) uchun oddiy orttirma hisoblanadi:

A, v) = I(u+ 8,,v+8,) —I(u,v), @

8y € (—kw, ... .0, ... ,kw}, 8, € {—ky, ... ,0, ... ,ky}, 18] + 16,1 # 0,
bu yerda §,,, &, butun sonlar.

Hisob-kitoblami soddalashtirish uchun quyidagi taxmin gilinadi: max|8,| =
max|§,| = 1.

2. Markaziy element sohasida tasvirlarni Siltrlash. O‘rtacha filtrning asosiy
g’oyasi shundaki, har bir markaziy pikselning yorginligi uning atrofidagi o*rtacha
yorginlik bilan almashtiriladi, ya’ni
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kw ky

1
[(u'v)=(2kw+1)(2kn+1)sz Z I(u + 6,,v + 8;),

u=—kw Sy=—ky

bu erda ky, ky - siljuvchi oyna parametrlari: 7(u, v),I(u,v)- boshlang’ich va
filtrlangan tasvir.

3.  (4) formula bo‘yicha har bir markaziy element I(x, v) uchun anig bir

yo‘nalishdagi orttirmani aniglash:
Av)=I—-1,v—-1)—1v), A, v)=I(uv-1)— I1(u,v),
As(u,v) = Hu+1,v—1)—I(uv), A, v)=Iu+1v)-I1(uv),
Ag(u,v) =Iu+1,v+1)—I(wv), A, v)=1@v+1)-1(wv),
A,(u,v) =u—-1,v+1)—I(u,v), Ag(u,v)=1u-1v)-I@v).

4. Noravshan orttirmalar to‘plamining tegishlilik funksiyasini qurish.
Tegishlilik funksiyasini qurish noravshan o*sishning oddiy evristik kontseptsiyasiga
asoslanadi. Ushbu konseptsiyaga ko‘ra, katta noravshan orttirmalar obyekt
chegaralariga, kichik noravshan orttirmalar esa shovginga mos keladi. Tegishlilik
funksiyalarini qurishda parametrik ifodalash usuli qo'lianiladi, bu masalan,
uchburchak tegishlilik funktsiyasining qurish qulayligini ta’minlaydi:

0, agar x<a;
x—a
b—a’
c—x

agara < x < b;
u(x;a,b,c) =

— agarb< x<c;

0, agar x=c.
Bu erda a, b, ¢ - butun son gqiymatlarni gabul giladigan sonli parametrlar. a <
b<cvaab,c€{0,12,..,k}-bu qayta ishlangan tasvirdagi gradatsiyalar soni.
Noravshan orttirma tushunchasini aniglashtirish uchun biz noravshan
to*plamlar nazariyasi doirasida “kichik™ sifat tushunchasini kiritamiz. Ushbu
tushuncha kichik raqamlarning, a = —4,, b = 0, ¢ = A, noravshan to‘plamlariga

mos keladi, ya'ni:
_ (b, npu xe[—Ag, ..., A);
He(x Ao = {0, npu x € [—Ag, ... Aq]
Bu erda b = (1 — |x])/Aq, ¢ (A2 > 0) — ma’lum bir kichik raqamiar to‘plamini
tavsiflovchi moslashish parametri.
Katta orttirma sifat tushunchasining tegishlilik funksiyasini quyidagi formula
asosida aniglash mumkin: -
up(x) =1 = pe(x, 45).

Noravshan orttirma tegishlilik funksiyasini qurgandan so‘ng, barcha
yo‘nalishlarda noravshan orttirmalarning giymatlarini hisoblash mumkin bo‘ladi.

5. Noravshan orttirmalar qiymatlarini hisoblash. Ixtiyoriy markaziy element
uchun noravshan orttirma giymatini hisoblashda har bir yo‘nalishda mos keladigan
noravshan qgoidalar qo‘llaniladi. Orttirmalar sakkiz yo‘nalishda aniqlanadi, masalan,
birinchi yo‘nalishdagi noravshan orttirmani hisoblash uchun, ya’ni

AM@v)=Iu-1Lv—-1)—1(uv)
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formuladan foydalaniladi.
I(u, v) piksel uchun noravshan orttirmalar qiymatlarini hisoblash uchua birinchi
yo‘nalishda quyidagi qoidadan foydalanish mumkin:

Agar (P;(u,v) > 0.8), uxolda A, (u,v) - kichik,
bu yerda P, (u,v)- I(u,v) piksellardagi orttirmalarni tavsiflovchi (belgilovchi)
noravshan predikat.

Noravshan predikat giymatini P, (u,v) hisoblash birinchi yo‘nalishda amalga
oshiriladi:

P, v) = py3 (1, v) Ay (u, ) A #13(u, v),

B (0, v) =y, (V) Ay (u—1,v + 1),

B2, v) = 3, () Apy (u+1,v—1),

s v) = =1L+ DA (u+1,0-1),
buerda P, (u,v) = )

1, agar d,(u,v) — kichik, 0:8dan kam bolmagan ishonch bilan;

8, agar d,(u,v) - kichik,6 (0.2 < 6 < 0.8) ishonch bilan;

0, agar d,(u,v) - kichik, 0,2dan katta bo‘lmagan ishonch bilan.
Boshqa yo‘nalishlar uchun noravshan predikatning qiymati ham xuddi shunday
hisoblanadi. Barcha qoidalar P;,P,,..., P; barcha yo‘nalishlarda orttirmani
hisobtash uchun ishlatiladi.

6. Noravshan orttirmalar giymatlarini tahlil gilish asosida qaror qabul
gilish. Ushbu bosqichda kontur chizig’iga tegishli tahlil gilingan siljuvchi oyna
ichida element (piksel) mavjudligi to‘g’risida qaror qabul gilinadi. Bunday holda,
qaror barcha yo*nalishlarda hisoblangan noravshan orttirmani tavsiflovchi baholarni
taqqoslash asosida qabul gilinadi:

-1, agar 3l,(u,v) < ry;
Ry, v)) =4 0, agar 7 < 3ls(u,v) < 7;
1, agar 0l,(u,v) > 1,
bu erda 74,7, - garor gqabul qilish qoidasining parametrlari; ol (uv)— k
yo‘nalishda hisoblangan noravshan orttirma.

Ushbu qoida quyidagi ma’noga ega. Agar R, = —1 bo‘lsa, unda ko‘rib
chigilayotgan orttirma qiymati kichik. Bu & yo‘nalishga perpendikulyar yo*nalishda
konturga tegishii piksel yo*qligini ko'rsatadi. Agar R, = 0 bo‘lsa, bu o*ritirmaning
qiymati kontur chizig’iga qaysi piksellar tegishli ekanligini aniglashga imkon
bermaydi. Bunday holda, kentur chizig’ini belgilashda bo‘shliglar paydo bo*lishi
mumkin, Agar R, =1 bo‘lsa , u holda bu piksel & yo‘nalishga nisbatan
perpendikulyar yo“nalishda konturga tegishli bo‘ladi.

Ushbu algoritmlar tasvirlardagi kontur chiziglarini ta’kidlash uchn
mo‘ljallangan va bu algoritmlaring har biri parametrlar to‘plami # (7f_=_
(kw, ky, 24,{A;3, 7,,4%)) bilan belgilanadi.Ushbu parametrlarning qiymatlarini
o‘zgartirish (aniglash) orqali turli xil shovqin va xalagitlar sharoitida ta'svn"lammg
kontur chiziglarini ajratish mumkin. Ko'rib chiqilgan algoritmlar doirasida eng
yaxshi algoritmni aniqlash # parametrlar maydonida amalga oshiriladi. )

4.2-paragrafda kontur chiziglarini, Xususan, tasvirdagi obyektlafnf
chegaralovehi noravshan chiziqlarni ajratish vazifasining o°ziga xos xususiyatlarini
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hisobga oladigan maxsus yondashuv taklif etilgan. Taklif etilgan yondashuv asosida
tasvirdagi obyektning chegara kontur chiziglarini ajratib ko‘rsatish uchun noravshan
to*plamlar nazariyasi tushunchalari asosida algoritmlarning maxsus sinfi ishlab
chiqilgan. Uning asosiy g’oyasi berilgan tasvirning har bir elementi uchun
noravshan oritirmalarni hisoblash va ularai tahlil gilishdir. Bunday holda, noravshan
orttirmalarni hisoblash ikki qismdan iborat bo‘lib, uning birinchi qismi strukturaviy
obyektlarning chegaralarini ajratib ko‘rsatish, ikkinchi gismi esa noravshan
orttirmaning ijobiy va salbiy giymatlarini aniglashdir. Taklif etilayotgan algoritmlar
sinfidagi yakuniy qaror qo‘shimcha kiritilgan parametming qiymatini tahlil qilish
asosida qabul qilinadi, ya'ni o‘zgartirilgan oritirma qiymatining hisoblangan
qiymatini chegara raqamlari bilan taqgoslash orqali.

4.3-paragrafda temir yo‘l vagonlarining raqamlarini tanib olish uchun
belgilarni ajratib olish modeli qurilgan.

Tasvir ko‘rinishida berilgan raqamlarining mumkin bo‘Igan tasvirlari to'plami
S berilgan bo*Isin. Tasvirlar to‘plami J kesishmaydigan kichik | (sinf) Ky, K, -+, K;
to‘plamlarga bo‘lingan bo‘Isin. 3 bo'lish to‘liq aniglanmagan va ma’lum bir namuna
berilgan R™ (R™ c R bo‘lsin, u B™ = {Ry, -, Ry, R}, Ky = R™ 0 K;, CK; =
R™\K; m tasvirlardan iborat bo‘Isin. Masala vagon raqamlarining asl qiyofasini
tavsiflovchi va tanlangan belgilar asosida davlat ragamlarini tanib olish
muammosini hal gilishni ta’minlaydigan belgilar to‘plamini yaratishdan iboratdir.

Vagon raqamlari tasvirlarini statistik tahlil qilish usuliga asoslangan
yondashuv taklif etiladi. Ushbu yondashuv asosida vagon raqamlari tasvirlaridan
belgilarni ajratib olish modeli qurilgan.

4.4-paragrafda barg tasvirlari yordamida ekinlar kasalliklarini tashxislash
tizimini yaratishda yuzaga keladigan belgilarni aniqlash masalasi hal qgilingan.

O‘simlik barglari tasvirlari sifatida ko‘rsatilgan ruxsat etilgan obyektlar
to'plami ko'rib chiqiladi. Har bir haqiqiy obyekt (o'rganilayotgan o'simlik) uchun
dastlabki ma’lumotlar uch o‘lchovii ¢xmxn (bu erda c - rangli kanallar soni; m va
n - mos ravishda satrlar va ustunlar soni) X matritsa (rangli tasvir) bilan berilgan.

Masala bargning dastlabki tasviri asosida madaniy o‘simliklarning
kasalliklarini tavsiflovchi belgilar fazosini shakilantirish imkonini beradigan
operatorni  qurishdan iboratdir. Diagnostik belgilar to‘plamini aniqlash
{Typ e Tuiivos Tun) Statistik  tahlil asosida berilgan dastlabki J, ma’lumotlarga
muvofiq amalga oshiriladi. Bunday holda, yaratiladigan belgilar fazosi birlamchi
nusxadan kichikroq bo‘lishi va berilgan obyektlarning ma’lum bir aniglik bilan
ajratilishini ta’minlashi talab qilinadi.

Muammoni hal qilishda ekinlar kasalliklarini aniqlovchi belgilar majmuini
shakllantirish muammosiga nostandart yondashuv o‘rganildi. Bunday holda, barg
tasvirlarining uch (ikki) o*lchovli tuzilishi yuqori o‘lchovli belgilarning bir o‘lchovli
maydoniga akslantiriladi. Har bir belgi tasviming fagat ma’lum bir sohasini
belgilaydi. Dastlabki tasvirining har bir qismini tavsiflash uchun turli statistik
xarakteristikalar gqo‘llaniladi.

Dissertatsiya ishining “Model va amaliy masalalarni yyechishda ishlab
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chiqilgan algoritmmlarning tajribaviy tahlili” nomli beshinchi bobida ishlab
chigilgan algoritmlarning dasturiy ta’minoti tavsifi hamda tajribaviy tadqiqotlar
natijalari tahlili va ularni amaliyotda qo‘llashga bag’ishlangan algoritmlarni tasnifi
yoritilgan.

5.1-paragrafda ma'lumotlarni qayta ishlashning deyarli barcha bosqgichlarini -
dastlabki ishlov berish, tasvir sifatini oshirish, tasvirdagi obyektning konturlarini
ajratib ko‘rsatish, noravshan to‘plamlar tushinchalari bo‘yicha segmentatsiyalash,
tasvir obyektlarini tanib olishni 0‘z ichiga olgan noravshan tasvirni qayta ishlash
tizimini va arxitekturasini yaratish kontseptsiyasi taklif etiladi.

5.2-paragrafda tavsiya etilgan tasvirni qayta ishlash algoritmlari asosida ishlab
chiqilgan dasturiy majmuaning tarkibi va tuzilishi muhokama qilinadi. Funksional
to‘liqlikni ta’minlash uchun dasturiy ta’minot to‘plami, shuningdek, tasvirni
aniqlash va tasniflash muammolari yechimlarini ifodalovchi taniqgli algoritmlarni
amalga oshiradigan dasturiy modullami oz ichiga oladi.

5.3-paragrafda hagiqiy sonlar to‘plami uchun noravshan klasterlash c-o‘rtacha
usuliga asoslangan tasvirni segmentatsiyalash algoritmi tahlili shuni ko‘rsatdiki,
tasvirlarni qayta ishlashda ma’lum xususiyatlardan kelib chiggan holda tasvirning
ba’zi bir jinsli sohalarini ajratish kerak. Tasvimi oldindan qayta ishlash bosqichtlari
chetlanishlarning tanib olish jarayoniga ta’sirini kamaytirish imkonini yaratadi.

5.4-paragraf raqamli tasvirlarni tahlil qilish va noravshan ishlov berish asosida
quyidagi: 1) barg tasvirlaridan bug’doyda zang kasalligini diagnostikasi; 2) temir
yo*l vagonlarining ragamlarini tanib olish; 3)avtomobil ragamlarini tanib olish
amaliy masalalarini hal qilishga bag’ishlangan. Ishlab chigilgan algoritmlar
hisoblash samaradorligini ko‘rsatdi va rangli tasvirlarni gayta ishlashning mavjud
usullariga qo‘shimcha bo‘lib, transport vositalarining raqamlarini aniqlash,
mahsulot sifatini tahlil qilish, o‘simliklar kasalliklarini tashxislash, o‘rmon
yong’inlarini aniglash va suv bosgan hududlarni aniqlash bilan bog’liq
muammolarni tasvirlarini o‘rganishga asoslangan holda hal gilish uchun ishlatilishi
mumkin.

5.5-paragrafda Oc°zbekistonning ikki viloyatida tutun va yong’inni tanib
olishning real muammosini hal gilishda tasvirni qayta ishlash va tahlil qilish uchun
ishlab chigilgan algoritmlar va dasturiy ta’minotni sinovdan o‘tkazish natijalari
keltirilgan.

O¢zbekiston Respublikasi Favqulodda vaziyatlar vazirligining tarkibiy
bo‘linmalarida kontur tahlili va ular asosida ishlab chiqilgan dasturiy ta’minotdan
foydalangan holda videotasvirlarni real vagt rejimida kompyuterda qayta ishlash va
dinamik obyektlarni ajratib olish algoritmlari natijalarini joriy etish quyidagi:

o bulutlar, qushlar, chang shakllanishi va boshqalar kabi noto'g'ri signaliarni
filtrlash. Bunda, tutun va yong'inning dinamik va strukturaviy xususiyatlari,
shuningdek yorginlik shkalasi asosida aniqlash;

e kontur tahlili algoritmlaridan foydalangan holda dinamik obyektlarni ajratib
olishda o‘rtacha 85%, ish unumdorligini esa o‘rtacha 15% ga oshirish;

o real vaqt rejimida bitta kadrni qayta ishlash vaqtini 2 baravargacha
qisqartirish, buning natijasida tutun yoki olov bilan yong’inni aniglash va uni
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qayta ishlash vaqti 2 baravargacha gisqartirish va favqulodda vaziyatga tezkor
javob berish vagtiga ijobiy ta’sir qilish imkoniyatlarini bergan.

XULOSA

“Noravshan to‘plamlar nazariyasi asosida tasvirlarni qayta ishlash va tahlil
qilish algoritmlari va dasturiy ta’minotini yaratish” mavzusidagi dissertatsiya
tadgiqotining natijalari quyidagi asosiy xulosalarga asoslanadi.

1. Raqamli tasvirni qayta ishlash masalalarida qo‘llaniladigan asosiy. usullar
qo‘llaniladigan matematik apparatlar nuqtai nazaridan, shuningdek, noravshan
to‘plamlar nazariyasiga asoslangan yondashuvlamni qo‘llash sohalari tahlil gilingan
va tizimlashtirilgan. Ragamli tasvirni qayta ishlash usullarini tahlil gilish va tasvimi
gayta ishlash va tahlil qilish jarayoniga noravshan to‘plamlar nazariyasi
yondashuvlarini joriy etish sifatning yaxshilanishi bilan tasdiqlangan va
dissertatsiyaning asosiy yo‘nalishini aniqlash imkonini berdi.

2. Ragamli tasvimi qayta ishlash masalalarida noravshan usullarning
matematik apparatidan foydalanish bo‘yicha adabiyotlar manbalari tahlili shuni
ko‘rsatdiki, bu usullar asosan tasvir kontrastini oshirish, konturni ajratish va
segmentlash kabi masalalarda qo‘llaniladi. Biroq, bu wusullar hisoblash
jarayonlarinig murakkabligi tufayli tasvirni qayta ishlashning amaliy muammolarini
hal qilishda keng qo‘llanilmagan.

3. Tadqiqot magsadi aniglangan va noravshan to‘plamlar apparati
yordamida tasvirni gayta ishlash muammolari shakllantirilgan. Bunda asosiy e’tibor
quyidagi vazifalarga qaratilgan: 1) noravshan mantiq usullari yordamida tasvir
sifatini oshirish; 2) tasvirlarda obyektning konturlarini ajratib ko'rsatish;
3) noravshan to‘plamlarning matematik apparati yordamida tasvimi
segmentatsiyalash.

4. Noravshan to‘plamlar nazariyasi apparati yordamida tasvirlarni oldindan
qayta ishlash uchun yondashuv ishlab chigilgan. Tasvirlami oldindan qayta ishlash
belgilar fazosini shakllantirishni o‘z ichiga oladi, uning yordamida tasvirni qayta
ishlash va tahlil gilish amalga oshiriladi.

5. Rangli tasvirlami noravshan klasterlash usuli yordamida segmentlash
algoritmi ishlab chigilgan bo‘lib, uning o°ziga xos xususiyati ko‘rib chiqilayotgan
tasvirning har bir pikseli atributining tavsifini yaratishdir. Ishlab chiqilgan algoritm
rangli tasvirlarni segmentlarga bo‘lishning mavjud usullariga qo‘shimcha bolib,
ulamning tasvirlari orqali transport vositalarining davlat ragamlarini aniqlash,
mahsulot sifatini tahlil qilish, o‘simlik kasalliklari diagnostikasi, o‘rmon
yong’inlarini aniglash va tadqgiqot asosida suv toshqini maydonini aniglash bilan
bog’liq muammolami hal qilish uchun ishlatilishi mumkin.

6. Bir qator parametrlarga ko‘ra tasvirdagi turli shovqinlarga moslasha
oladigan kontur chizig'ini ajratish algoritmlarining maxsus sinfi taklif etilgan, bu
berilgan kulrang tasvirdagi ob’ektlarni ajratib turadigan chegara chiziglarining
xususiyatlarini hisobga olish imkonini beradi.
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7. Yaratilgan model temir yo‘l vagonlarining davlat ragamlarini tanib
olishda xarakterli belgilarni ajratish uchun mo‘ljallangan. Ushbu model birlamchi
ta.wxfning har bir sohasi uchun turli statistik xususiyatlami hisoblashga asoslangan.
T§\{sxya etilgan vagon raqamlarini aniglash modelidan foydalangan holda sinov
tajribalari ushbu muammoni hal gilishning boshqa yondashuvlariga nisbatan yuqori
natijalarni ko*rsatdi.

8. Noravshan tasvimi gayta ishlash tizimi va arxitekturasini qurish
kontseptsiyasi taklif gilingan, u axborotni gayta ishlashning deyarli barcha
bosqichlarini - dastlabki ishlov berish, tasvir sifatini oshirish, tasvirdagi obyekt
konturlarini  ajratib ko'rsatish, noravshan to‘plamlar nuqtai nazaridan
segmentatsiyalash, tasvir ob’ektlarini tanib olish masalaiarini qgamrab oladi.

Natijalaming amaliy ahamiyati shundaki, ishlab chigilgan algoritmlar va
matematik dasturiy ta’minot asosida tasvimi qayta ishlash ko‘lami va
imkoniyatlarini kengaytiruvchi import o‘rnini bosuvchi dasturiy ta’minot yaratilgan.
. 9. Dastlabki ma’lumotlarni noravshan tasvirlash sharoitida tasvirmi qayta
1shl§sh va tahlil qilish uchun tavsiya etilgan algoritmlar va dasturiy ta’minot
quyidagi amaliy masalalarni hal qgilishda kerakli samaradorlik tartibini ko‘rsatdi: a)
barg tasvirlaridan bug’doy zangi kasalligini diagnostikasi; b) temir yol
vagonlarining raqamlarini tanib olish; v) avtomobil ragamlarini tanib olish.

10. O‘zbekiston Respublikasi Favqulodda vaziyatlar vazirligining tarkibiy
bo‘linmalarida kontur tahlili va ular asosida ishlab chigilgan dasturiy ta’minotdan
foydalangan holda videotasvirlarni real vagqt rejimida kompyuterda qayta ishlash va
dinamik obyektlarni ajratib olish algoritmlari natijalarini joriy etish quyidagi:

* bulutlar, qushlar, chang shakllanishi va boshqalar kabi noto'g'ri signallarni
filtrlash. Bunda, tutun va yonglinning dinamik va strukturaviy
xususiyatlari, shuningdek yorqinlik shkalasi asosida aniqlash;

e kontur tahlili algoritmlaridan foydalangan holda dinamik obyektlarni
ajratib olishda o‘rtacha 85%, ish unumdorligini esa o‘rtacha 15% ga
oshirigh;

e real vagt rejimida bitta kadmi qayta ishlash vagtini 2 baravargacha
gisqartirish, buning natijasida tutun yoki olov bilan yong’inni aniglash va
uni qayta ishlash vagti 2 baravargacha qisqartirish va favqulodda vaziyatga
tezkor javob berish vagtiga ijobiy ta’sir qgilish imkoniyatlarini bergan.
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BBEJEHME (auHoTanus auccepTauan fokropa sayx (DSc))

AKTyanbg0CcTL H BOCTpefOBAHHOCTL TeMbl AHCCEPTALHH. B wmpe
GONBIIOE BUMMAHHE YAENAETCA COBEPLIEHCTBOBAHHIO, PaspalboTKe H BHENPEHHIO
nudpoBoii  obpaGoTku H300pKEHHH, aHANH3Y, BLIIEJNCHHIO o0BeKTOB Ha
H306paKEHHAX, METOZIAM U ANTOPHTMAM Pacro3uasanys n3obpaxerui. Hlocnenaue
JOCTHKEHHs B 3TOH 06JacTd B yCOBEDHICHCTBOBAHARA AITOPHTMOB 06paGoTKH
u300paseHHit 103B0/ANH Pa3paGoTaTh KOMILIOTEPHbIC AHATHTHYIECKHE NOAXOAB! K
waenTHdukauun. Xors B obnactn apanusa nsobpawennii Gbu0 OPOBEAEHO
MHOECTBO MCC/ICROBAHHII, CHH B OCHOBHOM ObUIH COCDEAOTOYCHH! HA amanmse
HEYeTKHX JAHHBIX, H BO MHOFHX HCC/IGNOBAHMAX HEYETKHX 3JIEMEHTOB
w306paKeHHii He aHAIM3KPOBAMUCh 3Tansl 00paboTky M3obpakenHit Ha OCHOBE
TeopuH HEYETKHX MHOXECTB, CErMEHTall, BblAeNICHHE CHMBOJIOB, xnaccuukanys
4 pacmossasaHue U300pDKEHMH RPAaKTHYECKH HE pacCMaTpPHBAIACE. B stom
HUNPABNCHHM OCHOBHBIMH  330a4aMy  QHAIM3A H300paxeHHA ABIAIOTCA
knaccadUKaLMA, pacnosHaBanye, paspaboTra METO0B K AIFOPUTMOB ONIPEACICHHUA
33KOHOMEPHOCTEH HA OCHOBE TEOPDHH HEYETKHX MHOXECTB H CO3JaHHE
(OPHIOKEHHIH.

Ha ceroaHstuHRi AeHb NPOBOAATCA HaYYHbIE HCCICNOBAHHS, HAMPABIEHHbIE
Ha aHanu3 usoGpaxenuii, Hx 06patoTky, opMHpoBanue 06BEKTOB H HX CHMBOJIOB
Ha u306paxkeHnH, COBEPUICHCTBOBAHHE METOJOB H AIICPUTMOB PAcO3HABAHMI,
pa3pa6oTKy M cO3jiaHMe aNrOPUTMOB BEIGHCIAEHHH. B CBASH C 3THM OfHOH H3
BAKHBIX 34434 AB/AETCA HOPMATH3AUUA KOHTPACTHOCTH H30GpaKEHHA HA OCHOBE
3N1EMEHTOB TEOpHH HEMETKHX MHOXKECTB, yCTpasenne jedeitoB H3obpaxenns,
Bhide/IeHHe KOHTYPOB OOBEKTOB M CErMEHTalisa nsobpaxeHus, paspaborka
COBEPUICHCTBOBAMME AJTOPHTMOB paciiosHasaHus 0OBEKTOB H300paxeHHs,
CO3JaHHE aBTOMATH3HPOBAHHAIX CHCTEM.

B uemiX ycKOpeHHs WMHTerpaudd B MHpOBOe HH(OPMaNUOHHOE
NpOCTPAHCTBO B Haiuell pecmyOnuke peanH3oBaHhl KOMIUIEKCHBIE MEpH! IO
paspaboTke CoBpeMEHHBIX LU(POBBLX TEXHOIOTHI, B TOM YHCIIe MOAEIEH, METOA0B
M  amropuT™MOB, ofecmeuuBalomux TpeOyempti  ypoBeHb  TOHHOCTA B
HHTE/NIEKTyalbHbIX CHCTEMAX NOJYEPKKH NPHHATHA PElleHHH, H JOCTHraloTCs
onpenenenusie pe3yasrarsl. OnpeeneHbl BOKHCHIIME 3a1a44 0O BBUIONHEHHIO
CIeAYIOIHX NOPYYEHHHi: ... pa3sBHTHE TEXHOROTHH HCKYCCTBEHHOIO HHTE/LIEKTA B
OTpacisX SKOMOMHKH H  COLHaIBHOH cfepe, B CHCTEME IOCYA3pCTBEHHOrO
YOpPaBIEHHUSL...; UTHPOKOE HCMO/Ib30BaHHE TEXHONIOM Uil HCKYCCTBEHHOTO HHTEILIEKTa
/15 MOBRILICHHA KAayecTBa IOCYJapCTBEHHBIX yCHyr B MHTEpPECaX HAceleHHd, a
Taloke NoBblleHHs 3¢(eKTHBHOCTH FOCYAAPCTBEBHEIX OpraHoB HpH obpabotke
AaHHBIX; NIpOBEAEHHE (yHIAMEATANbHBIX i NPHKIAIHBIX HAyHEIX HCCIICAOBAHMK
00 paspaGoTKe HOME3HBIX TEXHONOTHYECKHX PEMEHMA U CO3NAHHIO JOKAILHOH
9KOCHCTEMb] HHHOBALHOHHBIX Pa3paGoTok B 06/1acT HCKYCCTBEHHOIO HHTE/UICKTA,
cnocofGeTByoleii HX AanbHefilneli KoMMepnuana3auiK; CO3AaHHE ycnoBH# Aina
HCIONb30BaHHs OBOPOBBHIX JAHHBIX A pa3pabOTYHKOB —OPOrpaMMHOTrO
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ofecrievents ¢ HCNONE30BARAEM TEXHONOMHI ACKYCCTBEHHOrO BHTEIUIEKTA..» .
Tpx peamuszanun 5THX 337129, B TOM YHCAE, TIPH PEMIEHAN TIPOBIEM, CBA3ABHLIX C
HHTEIIEKTYaNbHBIM aQHANH30M JAHHBLX C ACMONL30BaHWeM H300pakeHnl, mns
ofecrieunBanmA BEICOKOH TOYHOCTH KOREYHOTO pe3ynbrara BcE Gonbiliee 3HaueHne
npEoGpetaet paspaGorka Mojeneii, METOLOB, ANTOPHTMHYECKAX B POTPaMMHEIX
CPCACTB, OCHOBaHHEIX Ha 3JIEMEHTaX TEOPHH HEYETKHX MHOXECTB JUIA pElleHHA
33131  o6paGorku H3o0paxkeBHil M MOBBINIEHHA HX Ka4ecTBa, BEIACICHHA
KOHTYPHBIX JTHHMII Ha H300paKEHRK H CErMEHTANHH M300pakeHuil.

Ilpn BRmommemmn 3amay, MpeXycMOTpeHHBIX VYkasamH [lpesuzmenta
Pecny6muin Vs6exncran NeVIT-4947 «O CrpaTerun XelcTeHi 1O AanbHEHIIEMY
pasBuTHIO PeciyGmuku V3s6exkrcran» ot 7 denpans 2017 roga n NeVII-5349 «O
MEpaX WO JambHeHIIEMy COBEPLICHCTBOBAHHIO cdepbl HA(POPMAITHOHHBIX
TEXHONOTUA B KOMMyBHKaumii» ot 19 despans 2018 roga, [locTaHOBAEHHAMY
TNpesunenta Pecy6imxu Vsbexncran Nelll1-3245 «O Mepax mo AansHeliimemy
COBEpIICHCTBOBAHHIO CHCTEMB] YOPaBNeHHS TPOeKTaMH B cepe HHGOpMaLHOHAO-
KOMMYHHKALMOHHEIX TeXHONOrHi oT 29 asrycta 2017 roxa, NellIT-4276 «O6
OPraHH3alHOHHLIX Mepax Mo JaTbHelmeMy COBEpIICHCTBOBAHHIO JEATELHOCTH
NoApasAeNeHHii o Ipe3BryaiiHeM cHTyanusm» ot 10 anpens 2019 roaa u NelTIl-
4996 «O Mepax no CO3RARMIO yCNOBHH AN YCKOPEHHOTO BHEAPEHHUs TEXHONOIHi
HCKYCCTBEHHOro mHTeNnnekTa» or 17 despans 2021 roga, a TaKke [ApYruMu
HOPMAaTHBHO-NIPaBOBEIMH  JOKYMEHTaMH, UOPHHATHIMH B JaHHO# cdepe B
ODpE/ieNieHHOR CTENCHN CITYXHT HacTosAmlee AMCCEPTAHONHOE HCCIIEAOBaHME.

CooTnercTBHe HCCIEAOBANAS IPROPUTETHHIM HANPABICHASM pPa3BHTHA
HAYKH H TeXHOJOrHd pecnmyGumxH. JlaHHOE HCCICAOBaHHE BRITONHEHO B
COOTBCTCTBHH C NMPHOPHTETHRIM HANpPaBICHHEM Pa3BHTHA HayKH H TEXHOJOrHi
Pecriy6maxm Va6exucran IV. «Paseutae uadopMaTHsannu 0 WHGOpPManuoHHO-
KOMMYHHKAI(HOBHEIX TEXHOJIOTHIf».

O630p 3apyGexHbIX HAYYHBIX HMCCEAOBAHMI MO TeMe AACcepTamum’,
Hayunkie MccnenoBaHus MO NMPAMEHEHMIO CPEACTB «MArKUX BhUIHCHERui», no
paspabotke arroputMoB o0paGoTkd w3oOpaieHHN M pacnosHaBaHWA 00BEKTOB
nposoquwimcs B KanadopHwiickoM — yHuBepcuTere, MaccadycerckoM
TEXHONIOTHYECKOM HHCTHTYTE, akajemuu Microsoft, HccinenoBarensckoM HEHTp
Oracle (CIIA); Kwotckom yHWBepcHTeTe, TOKMHCKOM TEXHOJOTHICCKOM
ymaBepcntere (Snomma); VuueepcuteTe Mixa, CeyNbckoM HaIHOBANBHOM
yHHBepcHTeTE Haykd M TexHonornli, VHusepcatere Huyo (IOxuan Kopes);
TexnonormgeckoM ynusepcuTere CesepHoro Kuras (KHP); MockosckoM

3 Nocrasonnesne Mpesuperra PecrryGmaxn VaGexucran NelT-4996 «O Mcpax 00 CORRARRAIO yCIoBHiE aix
YCXOPCHHOTO BHEAPCHHEA TCXHAAOTIE BCKYCCTBCHEOTO MATCexTan ot 17 deapans 2021 rona.
4 Ofs0p HAYIHEX ECCICTOBANHIT 0O TEME ABCCCPTAINEH COCTRRIICH 2 OCHOBS
tne:ielibrary nuitem asp?id=-21 681006, bttos: fatudfileenct/ 1376730/, bine odedeninkany.. Jobzor-metodoy-
w _ﬂt_le_nidﬂﬁwf_m:&i uifsrorw mckart spb ro/enatypis/market ply
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htip:/iesexpione icce oeg/documenti824 819/ B SPYrHX KCTOUHHKOB.
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roCyAapCTBEHHOM TEXHHYECKOM YHHBepcHTeTe, MOCKOBCKOM FOCYAApCTBEHHOM
yuaBepcuTere M. M.B.JloMoHOCOBa, BhIMHCAMTENRHOM  LiEHTpe PAH,
HoBocubupckoM rocynapctBenHom ynusepcutetre (Poccns); BapuiasckoM
TexHonornyeckom yHusepcurere ([lonswa).

B nccaenopanmsax no paspaboTke (COBEPIIEHCTBOBAAMIO) HOBOIO NOKOJICHAN
aropaTMOB 06pa6GoTKy U pacno3HaBaAns H300paxenuii Ha OCHOBE COBPEMEHHBIX
MHPOBBIX TEXHOJIOTHH NOJYYEHH! CAEAYIOUIHE HAyYHBIE MHHOBAIMH: OCHOBAHO
cokpawienne Ha 10-15% ommubGkan B aHanuse MAAHHBIX H KIacCH(HKanuu
n300paKeHHii 32 cueT COBEPLUICHCTBOBAHUA CHCTEM aHANM3a JAHHHIX HA OCHOBE
geiipocereBblx TexHonoruii (Maccauycerckuil TEXHONOrH4YECKHH MHCTHTYT,
akagemMnsa Microsoft, Hccneaopatemnckeit uentp Oracle; Mockosckuii
rOCYAApCTBEHHbIH TeXHU4YecKHi yHHBepcHTeT, Brumcnurensusii ueHtp PAH,
Vuusepcuter Wuxa, Ceynbckuii HAMOHANbHBIH YHUBEDCHTET HAYKH H
TexHoNorni, VYuupepcurer WH4YO); CHIKEHHE OLIHOKH KnaccCHQHKaHH C
NOMOILBIO CPEJACTB «MACKHX BLIYHCAEHHH» OCHOBAHO HZ YBENHYEHHH CKOPOCTH
pacno3HABaHHs 33 CYET YMEHbIUEHHUA NPH3HAKOB, ONHCHIBAIOMMX o6bext Ha 20-
25% (Texnonoruueckuii ynusepcurer Cesepuoro Kuras, Kamndophuiickuii
yunBepcuteT, CeyibCkuii HAUHOHANBHEIH YHHBEPCHTET HayKM M TEXHONOTHH,
HosocubGupckHii rocy japcTBeHnblii Y HUBEPCHTET).

Hayuynbie  ucciegosanus 00 npobnemaM,  BOSHMKAIOWMM  IPH
AHTEIVIEKTYANbHOM aHANH3E JAHHGIX B [IPHOPHTETHOM OOPAIKE B MUPE BEAYTCA IO
CAEAYIOIMM HanpamenuaM: paspaborka HHCTpymentoB «Soft Computing» ans
HMHTENINEKTYJIbHOIO aHanM3a  AaHHLIX, pacingpesHe  BO3MOXKHOCTEH
aHANHTHYECKHX HHCTPYMEHTOB, HanpaBJIEHHBIX Ha MHHMMH3aLHI0
aNbTEPHATHBHBIX OKMBOK A NOAAESPKKHM NMPHHATHA YNPABIEHYECKAX peulenni
DpH yBeNMuYeHuH obbema obpabaTeiBaemoii HHQOpMaluM¥ H XapaKTEPHCTHK €€
9/IEMEHTOB, A TAK)Xe, COBEpLICHCTBOBAHHE METOAOB MU AINOPHTMOB aHAIM3A
u306paxkenrit u pacnosHaBanus o0pa3oB M NMPOBOAMTCA Psf HCCiIefOBanHii 0O
CO3AHHIO HOBbIX CHEAYIONIMX NPHOPATETHLIX HaNpapnenwuii: paspaGoTka MeTOROB
¥ 2IropHTMOB, pPaGOTAIOWMX Ha BECEMAa OrPAHHYEHHOM OOBEME HCXOAHOMH
nudopmannn H ofecneyuBalOUIHX HHTEJUIEKTYAIBHOCTE CHCTEM PAclo3HaBaHusd,
paspaGoTka METOZIOB M AJIICPHTMOB PACNO3HABARHA B NPOCTPaHCTBE GOMBMIMX
npusHaxos; ofecneueHne xoMIUIeKcHOH 06paboTku nocrynatouteii HEgopmansH,
CO3JaHAE TAKHX CHCTEM, KaK CHCTEMBbl CEerMEHTAlHH H pacnO3HABaHHUSA PEYH,
TeKCTa, H300paxkenHii M pacno3HaBaHMA C HCOOAL3OBAHHEM  (MATKHX»
BbIYHCIIHTE/bHBIX TEXHOJIOTHH.

Crenenn, M3yueHHOcTH mnpoGiembl. B pesynsrate pasBEpHYTRIX
[IHPOKOMACIITAGHEIX HCCNEAOBaHUH MO pa3paboTKe CHCTEM HHTELIEKTYalbHOIo
aHanusa NAHHBIX, @ Taloxe o6paboTKy. aHanM3a ¥ pacno3HaBaHHA B30OpaxeHHH
NoNMydYeHsl 3HAYMMEIE TEOPETHYECKHE H IPAKTHHECKHC pesysTarsl. Pemenmo
npo6Gnems! aHANTH3a B PACHO3HABAHHA H300paXeHHH nocealens paboThl MBOTHX
3apyGexxHbIX yueHBX, Takux kak Jl.bammapa, E.Jlssac, PJloncanec,
I0.M.)Kypasnes, B.A.Coiiep, XK.Cepp, H.Mapp, A.Jlemncrep, I Illadep,
MJlasens, 101 Ierrses, S.A.®ypman, JLI1Slpocnasckmii m ap. Becommie
PE3yNLTATEl MO CO3JAHHIO TEOPETUYECKHX OCHOB NOCTPOEHHS M HCCIEAOBAHHA
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CHCTeM ynpaBnenus @ aHANTH3a NAaHHEIX B PAa3IHYHEIX cepax C NMPHMEHEHHEM
TIOIIXOA0B HeYeTKIX MHOKECTB, CHCTEM MHTENEKTYANLHOTO aHamM3a i 06paGoTicu
’m‘bOPMauBa, CHCTEM NpHUHATHS PEHICHHH MONYYEHBl BEAYIUHMH MHPOBHIMH
Y9enemMu J1.3aze, P.irep, A Koddman, XK Kaup, E.A Mampann, Teparo, CyreHo,
Acan, A.H.Agepim, AHFBopacos, J.Allocnenos, P.A.AmmeB, ®.Xepep,
T.®ykyno, Y Kapp, M.Jlo3ano, M.Cakasa, O.Kopznon, X.Kacumrac, ©.Xoddman,
P.nr, B Kpyrnos, A Porarreitn, C.I1ITo6 1 ap.

Crenyer otMeTuTs pesysTaTH MCCHIEAOBABHI B 3T0H 06MacTH cnenyromux
y3bexcxux yu€arx: M.M.Kamanosa, T.D.Bexmyparosa, HI.X.®a3rmoea,
P.XXamaMOBa, AT Myxamennesoii, H.A.HrparseBa, H.C.MamatoBa,
H.Mnp3aepa.

B pesynerare srHx HccnemoBaHuii MOJENH, METOAB! U  AITOPHTMEI,
Pa3paGoTannbie Ana HATEUIEKTYANBHEIX CHCTEM MOAEPXKA NPUHSATHS pelTeHHit,
HCOONE3YIOTCS AUl pemeHHs NpaKTHYeCKHX 3a1ad BO MHOTHX O0MacTsX, rAe 3TH
npoGaemut CyIIECTBYIOT, MpH 3TOM XOTd JOCTHTHYTEl ONpEHENEHHEIC
TONIOXATENEHEIE pedy IETaTEL, HO ACCIEX0BAaHAS 110 pa3paboTke 1 NPHMEREH IO Ha
HpaKTHKE Moxeneli, METONOB, aNTOPHTMOB, OCHOBAHHHX Ha TEOPAH HEYETKAX
MHOXECTB, IPH pelleHHH 3afai, CBS3aHRBIX C HWHTEJUIEKTYANLHBIM aHATH30M
TNCPBHYHBIX JAaHHEIX, NPEACTABJICHHBIX B BHOE H300paxkeHHH, oOCTalOTCA
AKTyaJbHEIMH mpoGneMamy, Ha KOTOpEIE HEOGXOAHMO YHAEHAThH OTAENBHOE
BHHMaHHzeE,

CBS3p  JMccepTamMOHHOrO HCCIEIOBAHAH ¢ IWIAHAMH Hay4Ho-
HCCIeAOBATENLCKAX paboT BhicHIero yuefHoro zaBeaeHHdd, Ile BbIIOJTHEHA
AHccepTaund. JlHccepTraWOHHOE MCCCAOBAaHHE BBHIONHEHO B COOTBETCTBRH C
HAYIHO-HCCIIGAOBATENLCKHM TaHoM JKH3aKCKOro NONMHTEXHHIECKOTO HHCTHTYTa
B paMKax NpHKIagHOro MpoekTa Ha TeMmy: A-5-19 «Paspaborka anropaTtMoB M
TIpOrpaMMHOT0 ofecneueHus o6paboTky W anann3a H300pakcHHH Ha OCHOBe
TEOPHUH HEYETKHX MHOKECTBY.

Hemeto mccmemosaBmg sBusercs pa3paboTka HeYeTKHX Mogened H
ANTOPHTMOB, a TaKxke NporpaMMEoro obecnedeHnsa aHamH3a #3o6paxenwi.

Jna pocTkennAs HEM MOCTABICHN! CCAYIOMIAE 3aJaYH HCCICHOBAHNAY:

H3YyIMTh W  NPOAHAIU3APOBATE  COCTOSHHME  HCCIEAOBaHHHM  TI0
TIPOCKTEPOBAaHHIO CHCTeM 00paGoTKA B aHAMI32 H306paXeHHii;

HCCNEROBATE HAyYYHO-METORONOTHIECKHE OCHOBEI pa3paboTku
MaTE€MaTHIECKOro anmnapara ananas3a § knaccudakaunn n3obpaxensii B ycnoBHax
HEYETKOCTH;

copMynupoBaTe MaTeMaTHYECKyl0 IIOCTAQHOBKY 3alladH  pa3paGoTkn
aNbTePHaTHBHBIX MONXOHO0B AIf MOAKEPKKH NPHHATHA PEOICHAN B PaCIO3HAIONIHX
cAcTeMax;

paspaGoraTs anropaT™ ¥ NPOTPaMMHBIH MOAYNH ANA  YJIyYIIEHHS
H306paxcennii ¢ opuMeHEHNEM NOAXOAOB HEHETKHX MHOXKECTB;

PpeasH30BaTh ANTOPHTM A FIPOrpaMMHKIH MOAY I AN BHIAENCHHES KOHTYPHEIX
JmanRi n306paxennii ¢ NpHMEHEHREM MIOXX0A0B HEUETKHX MHOXKECTB;

Pa3paboTaTs aJIFOPHTM W IPOrPaMMHKI MOLY b CETMEHTaHA H300paxkeHmit
H2 OCHOBE HEYETKMX MHOXKECTB;
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BHEAPATh pa3spaCoTaBHKE MOMENH, METOAR, aNrOPHTMHYCCKHE H
nporpaMMHEIE CpeACcTBa 06paGoTKH, aHANW3a W PaclO3HaBaHMA H300paxenwil B
pealbHbIX CHCTEMax NPHHATHA PemeHAi, NPOBECTH CONOCTaBUTENBHHIN aHAA3
TOJTYYEHHRIX pe3yJLTATOB H ONPEAETUTE 3¢ HeKTHBHOCTS paspaboTok.

O6bexTOM  HCCleNoBamua  SBISIOTCE  OEGpPOBEE  H30GpaxceHmd,
NONYYeHHLIE Pa3TAYHEMH CPEACTBAMA BH3YaNH3alHA H300paxeHni.

ITpeameToM HccNENOBAHAS ABIAIOTCH MOJEIH, METOAN H AJTOPHTMH
obpaloTki M aHanM3a H300pakeHHH Ha OCHOBE HEYETKO-MHOXECTBEHHOIO
TIOAXOJA.

Mertoner HccaexoBanmii. B aAuccepTandB  HCHOONB3CBAaHEL  METOJR!
HHTEJIEKTYATBHOTO aHANN3a HAHHBIX, TEOPHHE HEYECTKHX MHOXECTB, TEOpHH
BEPOATHOCTEH M  Maremardyeckold  CTATHCTHKH, SKCOEPTHBIX  OLCHOK,
pacriozHasadus 06pa3oB H 06paboTkH H30OpKEHHH.

Hay9Had HOBH3HA HCC/IeIOBARNMI 3aK/MNOYACTCA B CCHYIOIIEM:

YCOBEpIIEHCTBOBaHA alalTHBHAs ¥ YCTOHAWBag MaTeMaTddeckas MOAEIDb
YMEHBLIIEHAS HEOTIpeAeNcHHOCTel, BCTpeHalomuxcs Ha UHPPOBLIX H306paKeHAX,
Ha OCHOBE HHTYHTHBHOTO HEHYETKOTO MHOXECTBA;

paspaoTaH MeETOJ HEHYETKOro MOAXOKA CErMEHTauHH u300paxeHHit Ha
OCHOBe MpaBAi MONIEPXKH NPHHATAS pEllCHAH C y4eroM CBOHCTB METOHOB
KJIacTepHn3anau,

paspaGoTaH anropuT™M CHEXKEHHS 1OYMOB, C YYETOM HX THOOB, Ha OCHOBE
NOAXOAOB CTIKHBAHAS JIOKAIBHEIX YYaCTKOB, CYIECTBEHHO HE MEHMOMEX LBETA;

paspaGoTad HE9YeTKHH aNrOpATM BHUACACHHS KOHTYPHHX JHHHA 00
pe3ynbTaTaM aHalA3a HedeTKHX NMPHPAIeHHi ¢ YIETOM APKOCTH H300paxKens;

pa3paGoTaH alTOpHTM MATKOM CErMEHTalMH ¢ Y9IeTOM CBOHCTE H
XapaKTepHCTHK (GYHKINMH MPHHALICKHOCTH Ha OCHOBE HEYETKHX CErMEHTOB M HX
H3MEHEHHH.

IpakTAYecKRe Pe3yabTAThI HCCISA0BARMS 3aKIIOYAIOTCA B CCKYIOHIeM:

Ha OCHOBE MKkl AWHAMHYECKHX H CTPYKTYPHEIX XapaKTEpPHCTHK
pa3spaboTan anropuT™ GEIBTPALMH yMa Ha A300paxXeHHH;

Ha OCHOBE PealbHEIX BHICOMATepHAIOB ofecnieueHa BO3SMOXXHOCTb BEAECRNA
MOHHTOPHHT2 N0XapHoi 06CTaHOBKA OTCIBHEIX O6BEKTOB, B TOM YHCIE B NECHO#H
H CTENHO#H 30HaxX;

obecriedeHa BO3MOXKHOCTH COKpAlIEeHHS BpeMeHA o0paGoTKH XanpoB B
ycTpoiictBe mpa ofHapyxeHHH ARIMa, OTHA M NOXapa HA ocHOBE 3(dexTHBHEX
METOZIOB H ANTOpHTMOB LH(ppoBoii 06paboTkA BHACOH300paKeRH B pealbHOM
Maciutabe BpeMeHH;

paspaboran MaTeMaTHYeCKHii anmapaT TEOPHH HEUETKHX MHOXECTB i
uudposoit 06paGoTka M30GpKERAN Ha OCHOBE HHTEJUICKTYANBHEIX CUCTEM
aHaTA3a JaHHbIX;

paspaGoTraH MeTOJ BHINCICHHSA KOHTYpPOB 0OBLexToB @A306pakenns s
cO3aaHHs AbTEPHATHBHBIX pENICHAH MOMLCPIH NPHHATHA pelieHuUii;

060CcHOBaNHA TOUHOCTH BRIAEACHAA AWHAMHYECKHX OOBLEKTOB C HOMOIIBIO

ANTOpPUTMOB KOHTYPHOI'O anajin3a,
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pa3paboTaH auropaT™M HevyeTko#fl KJIACTEPH3aUHH CErMEHTALHH UBETHBIX
n300paskeHH Ha OCHOBE METOJ0B k-CpefHRX H C-CPEAHHMX.

JocroBepHoCcTE  PesyAbTATOB — HCCACAOBAHHA  MOATBEPKAaeTCA
NpPOBEAECHHEM MAaTEMAaTHYeCKOro HCCNEAOBaHMA IIPEUIOKEHHBIX MOAXON0B ¢
OpHMEHEeHHeM TEeOPHH HEYeTKHX MHOXKECTB, PEKOMEHIOBAHHHIX MojecH u
MeTOoZI0B 06paGoTKH H aHanu3a u306pakenHii, HCnoML3yeMbIX npu GopmupoBannu
aNbTEpHATHB A MOJJEPKKA NPUHATAA yNpaBieHyecknx pewmehnd. B nemsx
OLEHKH pe3y/LTaTOB HCCASOBaBUH HA HX JOCTOBEPHOCTL MNPOBEAECHO
TECTAPOBAHHEC NpOrpaMMHOro oﬁecneqe}msi, NpeAHa3Ha4Y€HHOr0 pelliCHHIO 3aaay
BLYIENICHHA KOHTYPOB O0BEKTOB H CErMEHTAUM NIPH Ki1acCH(UKALMHK 00TLeKTOB.

Hay'man H NpaKTHYeCKas 3HAYHMOCTDL Pe3yabTAaTOB HCCACA0BAHHA.
Hayumasi 3HAQuHMOCTb pe3yJIGTATOB HCC/EAOBAHHA OODBACHACICA BHECEHHBIM
BKJI3JOM HAa OCHOBE Ppa3pabOTaHHEIX MOJenedi M QIrOpHTMOB ANA CHCTEM
NOAJAEPKKH NPUHATAA PelleHAN HA OCHOBE MOJElNeH, METONOB M AIFOPUTMOB
pacno3HaBakKs, ofecneanBaloHX Ka4eCTBO U HAlexKHOCTh Un(poBoi 06paboTkn
A Pacno3HaBaHHA u3oGpaxcenuil B AajbHEHLIEM Pa3BUTHE TEOPETHYECKHX OCHOB
TeXHOJIOTHit TOCTPOEHH: NpaBil.

IlpakTuueckas 3HAYHMOCTL PE3YJIBTATOB MCC/EfOBauus OObBACHAETCA
paspaboTkofi NpPEMIOKEeHRsIX @ITOPHTMOB H NPOrpaMMHON0 KOMILIEKCE H
dopMHpOBaHAEM COBapa paGounx CHMBOJIOB PU3NHYHBIX COBPEMEHHBIX CHCTEM
ananusa wu3o0pawmennil. I[IpumeneHue Pe3yNbTATOB HCCAEAOBAHUSA I03BOJIAET
COKparaTh 3aTPaTsl PECYPCOB Ha KIACCHPHKALUMIO H pPACHO3HABAHME [YyTEM
onucanua 00BEKTOB, COOMTHH  mpoLecCOB 10 BaHBIM IIPH3HAKAM, a TAKKE
Pacno3HaBaTh CHMBO/IbI C 33aHHBIM KauyeCTBOM H IOCTOBEPHOCTHIO.

BHeapeHHe pe3yJIbTaToB HecaegopaHnii. Ha ocHoBe MeTooB, anroputMos
'# [pOrpaMMHOro obecneyenus, paspaGoTaHHBIX Ans aHanu3a u306paxenuit na
OCHOBE TEOPHH HEYETKMX MHOXKECTB:

C y4eroM BCTPEYAIOIAX HeOAHO3HA4YHOCTel B UU(POBHX U300pakeHnsx
Ans coXpailleHUs X Ha OCHOBE HHTYHTHBHOTO HEYETKOIO MHOXKECTBA aAANTHBHAS
H ycTofiyuBas MaTeMaTHYeCKas MOAENk H NPOrpaMMHoe O0ecneyeHHe BHEAPEHL] B
Vnpapneaus 0O 49pe3BbMaiiHeM caTyauuaM Cripaapeulckoil oGnacT (copaBka
Vnpapnenun MO 4PE3BHIMAHHLIM CHTYaUUAM Cuipnappuuckoii obnactu ot 26
H0:6pa 2019 roaa). B pesyJbrare obecnedeHo yBennuenne CKOPOCTH BhIYHC/ICHHI
aHanu3a y306paxKeH i B 2 pasa;

MeToJfKa HEYeTKOro NOAXOAA CerMeHTaUMH H300paxenHii Ha OCHOBE
KPHTEpH NOAJEPXKKH TNPUHATHA PpEIUCHUH C yueToM CBOWCTB METOJOB
KjacTepusanuy BHEJPEHA B YNDaBieHHH NO 4ype3BBMAHHBIM CHTYaUHAM
Camapxangckoil 061acTH (CripaBka MHHHCTEPCTBa uepe3ByuaiiHBIX CHMTyal(uii
Pecry6naxn V36exuctad oT 29 Hosa6ps 2019 roaa Ne2/4/24-3161). B pesynsrare
oGecniedeno p3paeueHUe JMHAMHYECKHX O0OBEKTOB K3 BHAeou3oOpaxenns Ha 85-
87% u ypemuuenHe NPOU3BOAATENBRHOCTA TPYA2 Ha 10-15%;

aropuTM M POrpaMMeoe ofecnedeHHE CHIKEHHMA IIyMa HAa OCHOBE
HOAXOAOB Cria)KHBaHHA JOKAIBHBIX ofacTeld, CylIecTBEHHO HE MEHAIOLLMX NBETA,
C Y4eTOM THENoOB IUyMa BHEIPEHb! B YOpasfiecHHH N0 Ype3BbYAHHBIM CHTYalMAM
Camapkanickoif 061acTd (CHpaBka YnpapnesHH MO uYpe3BLMANHLIM CHTYAHUAM
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Camapkanjckoli o6nactn ot 22 HoaGps 2019 roxa). B pesymsrare obecrnedeso
COKpallleHAe BpeMeHH ofGHapykeHAR JhiMa H foXapa J0 2 pas Ha OCHOBE aHANH3a
H300paxeHnii; :

HeueTkuii QITOpUTM M OporpaMMHoe ofecriedeHMe Uil BBIICIEHHS
KOHTYPHBIX JMHHH Ha OCHOBE pe3yJbTaTOB aHAA3a HEYETKHX MpHpaendil ¢
yueToM SpKOCTH H300paXeRHs BHEAPERAE! B YIpaBJEHMH 0O Ype3BbrHAHHEM
cATyanusm Crpaapenrckoli o6nacTa (cnpaBka VBpaBleHHH 0O Ype3BRMaiHbIM
cuTyanasM Cripgapsuuckoi ofnactH or 26 Hos6pa 2019 rona). B pesynsrate
obecrnedeHo yBeldenne CKOPOCTH BEMYACIEHUI anann3a u3o0paxennii B 2-3 pasa;

aNTOpHTM H OporpaMMHoe ofecnedesde MATKOH CerMEeHTaOuH C YHeTOM
ocobeHHocTel B CcBOHCTB (yHKUuil NPHHARJEKHOCTH HA OCHOBE HEIETKOM
CerMEHTanA¥ H MX H3MCHEHMs BHEAPEHH B YNpPaBIeHHA MO Ype3BhIYANHEIM
catyaunsM CeipaapouHckoil o6nacTH (cnpaBka MHHHCTEpPCTBA UEpE3BYYRHHEIX
caryauuii Pecny6imkn Yabexacran or 29 HosGpsa 2019 roxna Ne2/4/24-3161). B
pesynetate ofecnedeHo yBeNWUeHWE M3BJEYERHE AWHAMHYCCKAX OOBLEKTOB B
Bupeon3obpaXXeHHH B cpeAHeM Ha 85% M moBHMIEHHE TIPOH3BOAMTENBLHOCTH B
cpenaeM Ha 15%.

Anpobanug pesynanTatoB AccaenoBamug. OCHOBEEC (TEOPETHICCKHE H
NPAaKTHYECKHE) Pe3yNbTaTh JAHCCEPTAUHOHHOH paboThl OBUIH JOJIOXKEHE H
ofcyxaeHn Ha 24 HayyHO-TpaKTHYeCKHX KoHdepenmusx, H3 BEX 13
MexpyHaponssie ¥ 11 pecry6mukaHckHe CHMITO3HYMBE H CEMHHAPEL.

Ouy6auKxoBaHHOCTD Pe3yIbTATOB HectefoBaHHEA. OCHOBHBIEC pE3YNBTATH
HCCIEXOBAHKA ONMyONHKoBaRs! B 39 HaydBHX H3JAHHAX, B TOM 9aChHe B 1
Mororpadpmus, B 11 xypHamax, pekoMeHAOBaHHHIX Beicmeil arrecTanEOHHOH
koMuccheii Pecrybmukn Y36exmcTaH Ans MyONHKAHH OCHOBHBIX HAYWHBIX
pe3yNLTATOB AOKTOPCKHX AHCCEpTalHii, B TOM YHCHe B 5 3apy6exanix 6asax, B 6
pecnyONUKaHCKAX XyPHaAJIaX.

Crpykrypa R 06heM AuccepTanan. J{accepranionsas pabora COCTOAT H3
BBEJleHUsA, MATH [JIas, 3QKIIOYEHHA, CNACKA HCOONL30BAHHOM JATEPATYpht H
npunoxennit. O6seM AuccepTauy coctasisier 185 crpanun.

OCHOBHOE COJEPXXAHHE MUCCEPTAIIUHU

Bo BBedeHEH OGOCHOBaHA AaKTYaIBHOCTh H BOCTPeGOBAHHOCTL TEMEL
JMCCEPTALIHH B COOTBETCTBHH ¢ IPHOPHTETHEIMA HaNpaBNEHHSIMH Pa3BHTHA HAYKH
H TexHosnoruii PecmyGnmku V3bGexmncrad, chopMymHpoBaHH HENH H 3afaqH
RMCCEpTal{iH, ONpeReNieHs OOBEKT H NPEAMET HCCNEGROBAHHA, HITOKEHE! Hay THAs
HOBH3HA M MPAKTHYECKHE pe3yJILTaThl HCCIENOBaHHA, 060CHOBaHA ROCTOBEPHOCTD
NONydeHHKIX Pe3yJbTATOB, ONHCAHA TeopeTHYeCcKas H MpaKTH4eckas 3HAYHMOCTE
HONYYEHHHX pe3yNbTaToB, NPHEBEICHE! HepedeHbh BHEAPEHAH peE3yJsTaroB
JHCCEPTALIHOHHOIO MCCJICHOBAHHA B MPAKTHKY, CBEACHHA 00 OMyONAKOBaHHEIX

paboTax # CTPyKTypa AuccepTanyu.
B nepsoii rnase guccepraiMi «Teoperuweckne ocHoBel o6paGoTxH m

aRanm3a m3o6pakenmih», wuMelomell 0030pHO-aHANHTHYECKAN XapakTep,
TNpOBEieH aHANH3 COBPEMEHHBIX MOAXOJIOB, METONOB H &JITOPHTMOB HH(PPOBOMH
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06paboTkn H300pakeHHi, ofecneuuBatopii paboTy ¢ OpHHATHeM pewieHMH Ha
OCHOBE AHANN32 HEYETKO NpPEACTaBNEHHEIMH H300pakeHHamu. [IponeseHbiii
aHaI#3 MOKa3ai, YTO CYIIECTBYIOLIUE NMOIXOABI, MOMENH, MECTOAbI U AITOPHTME,
ucronp3yeMbie B 3aauax uudposoii 06paboTku u3obpaxkenuit, ¢ TOUKH 3peHHA
IPHMEHSIEMOr0 MaTeMaTHY€CKOro aNnapara, He MOryT rapaHTHPOBAHHO NPOBOAUTE
aHAH3 A NOCJIEAOBATENBHO PEIINTh NENOUKY 33734, CBA3AHHBIX C NOBHILICHHEM
KOHTPacTOB M BBIACJICHHEM KOHTYPOB, 3 TakKe CerMeHTanuell n3obpaxenuil c
Tpe6yembIM NOPAAKOM pe3YILTATHBHOCTH NPH NOCTAHOBKE M PEANU3ALUU OLHON
g3 LEHTpaTbHBIX Npobnem TeopeTwueckodl unrQopMaTuku, T.e. MPoOGIEMBI
wiaccH(PEKALHH A PACNO3HAaBAHHA OOBEKTOB, NPEACTaBAeHHbIX B (hopme nHPPOBLIX
K300 paKEHHH.

Januas npoGiema XapakTepHa /I MHOTHX NPHKIAZHLIX 33ja4 NpPHHATHA
peluenuii npu DPEACTABACHHH HEYETKOH HCXOAHOM HHQopmauuu B BHIC
u300paKeHHH, CBA3AHHBIX C ONpeJeneHHeM HOMEpOB TPAHCHODPTHBIX CPEACTB;
aparsocTAKOM Gojiesel mojel, JKHBOTHLIX M pacrenuii; GuoMerpHueckoii
naeaTHOMKAnUeHl  JMYHOCTH;  JMCTAHLUMOHHBIM  30HAKPOBAaHHEM  3€MJIH,
PACMO3HABAHMEM JIECHHLIX TMOXApOB; ONpPEAENCHHEM IUIOHWafH 3aTON/NeHus,
aHANTH30M Ka4ecTBa NPOAYKLUH ¥ MHOTHMH APYTHMMH NOAOGHBIMYU 3a4a4amH, Fae
Tpebyercs aHaNHu3 U HCcexoBanne NudpoBHX H300paxkenni.

IosTOMy BONPOCHL YCOBEPIUEHCTBOBAaHHA, pa3paGoTKM M ACcnefOBaHHA
HOXOf0B, MofeeH, METO0B U anropuTMOB LiH(poBoi 00paGoTku m306paxennii
A pelleHns 3a4ad, CBA3AHHBIX C MOBBIUEHHEM KOHTPACTOB, BEUIE/ICHUEM
KOHTYpOB H cerMeHTauymell n300paxcenuii B yC/IOBUSAX HE YETKOTO NPeJCTABIEHMs
HCXOmHO# HH(OPMalMH, ABIAIOTCH aKTyaibHbMH. TO ecTh, HeoOXoauma
paspaboTka Mozenedl, anropuTMOB M nporpammHoro obecnevenus o6paborku
n306paxeHsil C UCTIONbL30BAHHEM MATEMATHYECKOrO annapara TeOpHH HEYCTKHX
MHOKECTB.

B sakmo4uTensHOM naparpade nepsoil riaBbl cGOpMYSHPOBaHBl LEIH H
OCHOBHbIE 33/1a4H JHCCEPTALHOHHOrO HCCACAOBIHHA.

Bo sBropoii rmiaBe aucceprauun «O6paborka m3obpakenmit ¢
MCIOAb30BAHHEM ANMNAPATa TEOPHH MHeYeTKHX MHOReCTB» [peasoxeHa
KOHuenuus Heyerkofi o0paboTku u maeHTHOuKaluy n3o0paxeHHH, KoTOpas
npeanosaraeT  MCIOJL30BAaHHE  TNOAXOAOB  NPOONEMHO-OPHEHTHPOBAHHOH
opeaBapuTenbHOH  00paboTku, coxpanAomel uHMOpPMAUMOHHBIE MPU3HAKH
o6nexTos. OHa 103BOJIACT YIPOCTHTH U YCKOPHTE Npouecc 00ydyeRus 1 BhlAeeHUA
(upenTndukaudn) o0bekTa Ha H3oOpakeHun s Heuerkod oOpabotku 3a cuer
Ucnonb30pagus MHGopMaLyK 06 uepapXMn MPH3HAKOB, YTO COKPAlLAeT 3aTPaThi
BpeMeHH Ha 00paboTKy.

Ilpu ofpafoTke wu300pakeHu#i TpebyeTca MO HEKOTOPHIM MpPH3HAKAM
BHIEAATh  HEKOTOpble  ojHopoaubte  obmactH  m3oOpaxenmsa.  Oranbl
npeapapuTeNbHOl 00paGoTky M306paXeHHA NO3BOMAIOT YMEHBLLIMTL BIHAHHE
HCKKEHHA Ba Opomecc pacno3sHaBaHHA. [eM HE Menee, HMMEeT MeCTo
pacniosHaBaHHe B YCJIOBMAX HenojHOH M Heuyerkoit umgopmauuu. HauGosee
DOAXOAAT /U1 ee PEHICHHs TEXHOJIOTHH HEYETKOil JIOFHKH, HEUETKas JIOTHKA MpH
9TOM BhiCTymaeT B ponu kinaccudukaropa. IlppuMeHeHHe HeueTKOH NOrHKH B
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saavax 06paboTku BE3yabHOI HE(OpPMannH 000CHOBEIBACTCH TaKXE CBOHCTBOM
06yuaeMOCTH AN aJaNTABHOCTH HEYeTKOi JIOTMKH K HOBEIM 3a7auaM, NpH 3TOM
COXPAHAIOTCA apXHTEKTYPa CETH H AITOPATM €¢ (YHKIHOHHPOBAHHS.

B nepBoM naparpadie faHHO# raBei NPABECHE] HEYETKHE IPAaBUIIA, KOTOPEIC
KOHCTpPYHPYIOTCH M3 QyHKOMH NPHHANEKHOCTR BXOKOB U BRIXOJIOB, K 3TH ITpaBHia
ofecneunBaloT CBi3b MEXAY NPenochUIKOi B 3aKIoYeHHEM, BHPAKECHHBIMA B
$opme «ECITH-TO». B o61teM ciTywae npaBasia MOTYT OHTE DOMy4Y€eHB! H3 ONKITA
OAHOrO HITH HECKOJBLKHX 3KCIIEPTOB B paccMaTpABaeMoil peAMeTHOI o6macTH.

B 3THX NpaBUnax pa3iiHausa 3HA9CHAE ApKocTel MeXy paccMaTpHBaeMBEIM
MHKCENTEM H  €r0  COCGOIMH  ABIAIOTCH  BXOAWEIMH  JAHHBIMH, 2
yBenuueHHe/yMeHbIIEHUE 3HAueHHH APKOCTEH 3TOT0 NMKCENA  SABIAETCH
BHLIXOJHEIMK JaKHBIMH. ECAA IpenoioxuTs, 4T0 3HaUeHU APKOCTH B300paxeHHa
HaxozaaTcd B uHTeppane [0, L-1] (rae L - uicno rpapaumit apkocts), T0 NPOCTEIE
TPEYroNbHBIE HEYETKHE MHOXECTBA — CpeJHEE MONOXHTENbHOE W CpeaHce
OTpHIATENBHOE ONpeAeeAn! Ha nATepBate [-L+1, L-1] ¥ nMpeRcTarngioT Sprae H
TeMHBIE 3HAYEHHs APKOCTEH BXORHEIX NMEPEMEHHEIX, a MANK NONOXHTENBHLII,
HyneBoif ¥ HeGombmiol OTPHNATENBHEIR TpPEYroNbHBIE HEYETKHAE MHOXECTBA
onpefeNeHsl KaK NpHpalleHHe YKA3aHAOr0 3HadeHHs TO0  CUeACTBHAM
COCTaBJIEHREIX OPaBWI. BexoaHoe 3HaueHAE 106aBRIAETCA K HCXOJHOMY 3HAYEHHIO
SIPKOCTH MHKCENA.

B pensx yJyuueHas Ka4ecTsa u306paKeHHi PeICTaBleH BLIMHCIHTENbLHbIH
ANMTOPHTM JIOKAABHO-2JANTHBHOrO YJIy4lleHHS KadecTBa H306pamenmil ¢
BHIUMCJIEHMEM H aHamH30M cpegHell APKOCTH, a Taioke €€ pachpeiefcHHd,
3JIEMEHTOB H300paKeHAA, M BO3MOXHOCTH €¢ KOppEKUHH, T.€. 3aTEMHEHHBIC
YHacTKH H300pakeHRs MO3BOJAIOT AeNaTh Gojlee CBETIBIMH, a CTHIIKOM CBETILIE
y4acTKu U306paXKeHUS 3aTEMHSATD.

Jlanee TpenCTaBlieH METOR YAy9YHIeHHS KOHTpacTa Hiobpaxenwii npH
HeueTKoii Hcxoguoli nudopmanmmm. H3BeCTHO, YTO HCKWKEHHBIE 3EMEHTH
U306pakenus YacTO BeChbMa 3aMEeTHO OTJIMHYAIOTCS OT COCENHAX 3JIEMEATOB. JTO
HabNOXEHAE MOCIYXHIO OCHOBOH IS MHOTHX QJITOPHTMOB, 0GECIEYHBAIONTHX
nmoziapieHHe WwyMa. ECiiM SpKOCTH JaHHOTO SACMEHTA NPEBHIMIAET CPEIHION
SAPKOCTh TPYONEl GMHkaliIAX 3JEMEHTOB HA HEKOTOPYIO IOPOroBYIO BEMWYHHY,
APKOCTh 3JIEMEHTA 3aMEHAETCA Ha HEUETKYH0 CPERHIOIO APKOCTH (pHC. 1).

Momasnsmomee GonsIHHCTBO Tpouexyp oO6paboTkH mnd  monydeRdd
pe3yibTaTa B KaKEOH Touke H300paxeHus MNPUBIEKAET BXOAHEIC AAHHHIE H3
HEKOTOPOr0 MHOXECTBZ TOYEK MHCXOHNHOrO H300paXeHHs, OKPYXAIOMHX
obpabarniBaeMyio Todky. OfHaKo HMeeTcs rpynna nponexyp, rie OCymecTBAseTcs
noaneMenTHas 06paboTtra. IIpH pasMuITOM H300POKEHHH KOXKARIH JEMEHT MOXHO
PaccMaTpHUBaTh Kak HEHETKOE MHOXECTBO.
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Puc. 1 - O6paGorannoe n3loépakeHne npH HedeTKo#H ucxoauoil nudopmanan

B nemsix ysenuuenus 3pexTHBHOCTH METOAA NPELIIAraeTCs A0NONHUTENLHO
OlLICHUBATD JIOKasIbHblE OKPECTHOCTH H3o0pakeHus c y4erom
CPEAHEKBAAPATHYECKUX OTKIOHEHHIl OTHOCHTENBHO JPKOCTH HEHTPANBLHOre
oJleMEHTa H HA TOM OCHOBauumM (opMupoBaTh (YHKUHIO HBeIHHEHHOTo
npeoGpas’oBaHni JOKAILHLIX KOHTPACTOB PKOCTEH 271eMEHTOB n306pakenns.

Jlanee H3/I0XEH AJIFOPHTM JIHHEHHOr0 NOBLINIEHHSI KOHTPACTa NPt
HeyeTKOoH HCX0AHOH nHpopManHH.

OYHKUHH  NPHHAAIEKHOCTH ;lf (x.y) u #x¥) OnpeaenaloTcs

cnexylomaM obpasom:
1. Hopmanusauus:

u(x,y) =I———f(x’y)_f““'l )
-fmax - fmm
2. dazznpukanus:
7 1 . =T
# (x,y) = ——F———r, i=Lk
1+ u(xa ,V) =G
oy
3. Yrounenue ¢a3sudukanuu:
1
206/ (%)), 0/ (x,y)< >

b (x,y)= .
1-2(1- g/ (x,y))%, 3 <p/ (xy)<1.
4. Hopmann3auus:
=] g(x7y)_gmin

v(x.y)
max _gmin
5. Paz3uduKanu:
1 —_—
HEGxy) = ——————, i=Lk.
14 20N ¢,
o

-4
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6. YTouHenHe (azsHpuraryn:

20y, 0< ,uf(x.y)s-%,
HE(x, )= .
1-2(1—- pf (x.y)", 5<,uf(x,y)sl.

3necs f(x,y) u g(x,y) - 3Ha4eHAS APKOCTH ACXOZHONO H TONYH2EMOro mocie
o6paloTku H306paxenHii COOTBETCTBEHHO B TOYKE Kanpa, HMcEIoNeHd ReKapTOBEI
KOOPAMHATH X — HOMEp CTPOKH A Y — HoMep cronbna;

Ci, Oy H O, - napaMeTpsl c]:yngcuun TIPHHAJICKHOCTH.

H3obpakenus, BBOXMMEIE B  KOMOBIOTEP, HYaCT0  OKa3LIBAIOTCA
MAaJIOKOHTPACTHHIMH, T.€. Y HHX H3MEHEHHA APKOCTH Mallkl 710 CPABHEHHIO C ee
cpenunM 3aaderHeM. TIpE 3ToM APKOCTh MEHsAETCA He OT YepHoro k GesoMy, a oT
ceporo Kk uyTh Gonee cBernee ceporo. To ecTe peanbHEIi JHANA30H APKOCTH
OKa3LIBaeTcs HAMHOrO MeHbme JonycTHMoro (WKamk SPKOCTH). 3axavya
TOBBLIMEHHS KOHTPAcTa 3aKMOYAETCs B «PAcTATMBAHAMY JHANasoHa SPKOCTH
u300paxceHns Ha BCIO IIKANY.

Oty 3amadyy MOXHO pellaTh NPH MOMOIOM NO3JICMEHTHOTO NpeobpasoBaHUsA
nuHEHHOro KOHTPACTHPOBAHHA:

gx.y)=af(x,y)+b,
T.e. GepyTca Takue a u b, KoTophle NPHBOAAT HEHETKHE 3HAYCHHS NOMA APKOCTH K
HEKOTOPHIM CTaHAAPTHRIM BEJHYHHAM. 37ech NpeABapHTEIRHO ONECHHBAIOTCA
MLf(x.y)], olf(x.))]. a xosddnuuents a, b BuGHpatoTCs TaK, UTOGH A

BuIXOAHOTO Tons nonyqnts M[g(x, y)], olg(x,3)]:
Fy) = LEDMUGIN. 10y 14 aig(x, 01=

olf(x.»)]
__olgx ] M M olg(x, )]
TS S(x,3)+M[g(x, y)]- MLf (%, y)]—a[f Tk
T.C.
_olgxnl , _ olgGx]
a= B b MIEEI- MU Gl
3necn
k
if;(xsy)'/‘ij(x,y) Zg:(xa)’)‘#f(x,J’)
MLf(x,y)]=+— , Mlg(x, y)]=+1— ;
2 H ) D HEx,Y)

i=1 i=]

o, &(x,y)<0,
g, ) =F(f(x,y)=18(x,y), 0=g(x,y)=<255,
255, 2(x,y)>255.
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B naparpade 2.2 DOpEATONKCH HHTYHTHBHBIH HeueTkuii NOAXOA AnA
NOBEIINEHUA KOHTPAcTa, B KOTOPOM npenaaraerca ruGxuii 1 agantupyeMeii cnocob
06paboTku HeonpeeIeHHOCTH, NPHCYTCTBYIOLMIl B UHQPOBEIX H30GPKEHHIX.

Paccmotpeno m3obpaxenue A pasmepa MXN nHukcenb, Hajl4HE Ceporo
ypoBus r B guanasone mexay 0 u L-1. Tlpy npumesnennn HHM i obpabotku
U306paskeHHs MOrYT PaCCMATPHBATECSA KAK MACCAB HEYETKUX CHHIITOHOB. Kaxcapii
3MeMEHT MaccHBa yKassIBaeT Ha 3HA4EHHE IPUHATNEKHOCTH H4(8;) CEPOro ypoBHs
8ij» COOTBETCTBY10mEE (i, f)~TOMY ITUKCEIO, B COOTBETCTBHH C NPEAOTIPCACIICHHBIMH
CBOHCTBAMH M300paenHs, TAKUMH KaK APKOCTB, DE3KOCTE, OJHOPOAHOCTD.

B puge 06061enas 2TOr0 MOAXOAA BBEACHO ClelyloLice NPEACTaBieHHE
M306pwKeHAs B MHTYUTABHOMN HEYETKOH cpene:

4 ={(g,~,, £4(8y): V4 (g,-,))lg,-, € {0,...,L—1}},

cae i€{l,..M} u je{l..N}, pa(g)) u va(gy) 0603na4aIOT COOTBETCTBEHHO
CTeneHs OPHHALIEIKHOCTH ¥ HEPRHAMICKHOCTH (i, /)-rO NUKCENs K MHOXKECTBY B
COOTBETCTBHH €O CBOHCTBAaMH H300paxeHas

Mertozs 06paboTxu n3o0pakenuii Ha ocHose Teopuu HHM npegoctasisior
rubKyio MaTeMaTU4ecKylo 6asy, A4 TOro yT00B! COPABHTHCA C «KAYECTBEHHLIMHD
CBOMICTBAMM, TAKMMM KaK KOHTPacTHOCTb u3oOpaxeHus B  yC/IOBHAX
HEO[IHO3HAYHOCTH M PacCIUIBIBYATOCTH, HacTO NPUCYTCTBYIOWMX 8 WM(POBBIX
#306paskeHnIx.

HeonpeneneHHOCTD B H300PRKEHUIX HCXOAHT U3 PasHHHbiX GakTopoB. Onu
BJHMIOT HA HAIly YBEPEHHOCTh B MNPHHATHH pelleHus, ABNACTCA !IH [MHKCENb
«CepbIMY HIIH (PEe3KHM», H I03TOMY BBOJAT ONpEeNeHHbEe COMHEHHS, CBA3AHHbIE
¢ cooTBercTByiomell TOuKoH. OnpeaeneHne OPHHAAIEKHOCTH KOMIOHCHTA A-
WHM, onKCHBAIOUIETO APKOCTH NHKCENeH n300paxenus, apnserca 6onee npocToi
3ajaueii, KOTOpad MOXeT OBITh NPOBEAEHA 2HANOrMYHEIM 00Pa3oM, Kak H B
TPaJULHOHHBIX HeYeTKux cucTemax o06paborku uzobpaxkenuii. B npeacraBnenHol
SBPHCTHHECKO# CHCTEME MBI PAacCMAaTPUBAEM NPHHANIENKHOCT 3HAUCHHA YPOBHA
CEeporo HBETa g ero HOPMaJH3OBAHHOMY YPOBHIO HHTEHCHBHOCTH:!

£
L-1
rne €<€40....L-1}. Cneayer or™eTuts. 4T0 m0GO# Apyroii MeTon pacuera iy
TaIOKe MOXET ObITH MMPUMEHEH.
Heuérxoe uucno £:R—[0,1] ssanerca ropmancubiM 1 BbmyKIBIM. MBI

OrpaHHM4BBaeM Haul BGOp [ CHMMETPHYHBIX HEMETKHX YHCEJ, KOHUENTY &11bHO
NOAXOMAIUAX Ui OpEACTAaBJICHUS NOHATHA «CEPhli ypoBeHb NPHMEDHO g».
CHMMETPHYHOE TPEYI'OJbHOE HEYETKOE HHCI0 ONPEAENACTCA KaK

Hz(x) =max {O,l—lx—;g—l},

re DONOKKUTEALHEIH HapaMeTp p KOHTPOAHpYeT GopMy uucia.
PasMLITOCTH H306paXeHHs - 3T3 MEPA CEPOCTH JBY CMBICIICHHOCTH, CBA3aHHAA
¢ muxcensmu u3oOpaxenus. ViHorma Tpebyercs yMeHpLINT, B HECKOJIBLKO pa3
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KOJIMUECTBO PA3MBITOCTH, NPHCYTCTBYIOMIEE B A306pakeHHH, B IEJAX NOBLILICHAS
KOHTPACTHOCTH MEXIY ApKoHf H TeMHOi oOmacTAMH. AJINOPHTM KOHTPAacTHOrO
yCHIIEHHs1, OCHOBRHHRIH Ha MHHHMHI3alHAH HEYETKOCTH, NpeAaraeTcs B BHAE:

-F,
Emax — 8
sy = 1+=2—=1
£
THIE Zmax 0603HAYAET MAKCHMAITBRO CEPBIil YPOBEHB XKeENaeMoro, i F,, Fy aBImoTCSH
IKCHOHEHUMATLHBIM B JNeHOMHHAiHOHHBIM (a33AduKaTopaMea COOTBETCTBEHHO,
KOTOphbIiC KOHTPOJHPYIOT HEOnpeaeICHHOCTD B HEYCTKHX NNOCKOCTAX.
®aszuduxarop Fyonpeaensercs xak

F;i_:gmax"g'

-l

(37
2
Mocne MoandukaOoHH 3HAYEHHH NPHHALIEKHOCTH Aedassudrraus
BLINONHAETCA B CIECAYIOIIEM BHIE:
0 ecmug <0,
g'=4% ecau 0<g <255,
255ecau g > 255,

e g' - HOBHIH cepHlif ypoBeHB H g nonyuaercs w3 obparHoH QyHKIEH

RPUAALTEKHOCTH Kak
-1

T = G — Fa| (38D 1.

B naparpade 2.3 npuseneH aHaiH3 CYIMIECTBYIOIUAX METOJOB BHJICICHHS
KOHTYpOB 00BEKTOB Ha H300paxeAnsax. Jlna penieHAs 3a1aqd BRCIEHHS KOBTYpOB
0ObEeKTOB HA H300paKEHHAX B MoCliefHee BpeMs, B OCHOBHOM, MPHMEHAETCH
cnenyrolpe TpH Noxxoa:

1) moaxol, OCHOBaHHEIH Ha BHIYHCIICHHH JHCKPETHBIX NPOH3BOAHERIX;

2) TOHXOA, OCHOBaHHBIH Ha CTAaTHCTHYECKOM AaHAM3¢ JAPKOCTH B
OKPECTHOCTH KOKAOTo NHKCENs H300paKEHHH;

3) moaxol, OCHOBAHHEIM Ha MCMONB3OBAaHHH amnmnapaTa TEOPHH HEYETKHX
MHOECTB.

IMogxoR, OCHOBAaHHBIH Ha BBLIYHCIECHHM AHCKPETHHIX MpPOH3BOAHBIX. Bee
METOIH, KOTOphie pa3pafoTaHHl B paMKaX HNaHHOro NOAXOA2 OMHpAIOTCs Ha
BBIYHCEHHE MPOH3BOAHOMH MEpBOro MOpsika H BTOPOro MOpARKa, H COCTOAT H3
Asyx rpymmn. Ilepeas rpynna MeTOHOB OIHPAcTCA Ha MPANUEHTHEIE OHEPATOPEHL, a
BTOpas — Ha ONepaTopPk! Jariacuana.

OcHoBHAaA HIed rPaiHEeHTHLIX METOJAO0B BBUIECNCHHS KOHTYPOB COCTOHT B
[OHCKE HAaGopa MHKCENOB, COOTBETCTBYIOMIMX CYNIECTBEHHEIM (MAKCHMANbLHEIM)
HIMEHEHMsIM JHCKperHoro nuddepenunana nepsoro nopsaka. Ilpu aroM
ONpeficiieHHe KOHTYPOB OOBEKTOB OCYNIECTBASETCA HA OCHOBE MOHCKa
MaKCHMaJIbHOTO MOAYJIsi TPaAACHTHLIX BEKTOPOB.
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BrijesieHMsi KOHTYPOB C HCTOJBb30BAHHEM JIAMUIACHaHa CBOJHTCA K ONPEACIECHHIO
JUCKpeTHOH Dpou3BOgHO# BTOporo nopsnka. OcHoBRas uHaes METOHOB,
OCHOBAMHBIX HAa ONEPaTopax JAmIacHaHa, 3aKAIovYaeTCA B MNOAYEPKUBAHHH
Ppa3spLIBOB ypoBseil ApkocTeii Ha H300paxxenuy ¥ NoAasaeHUH 06nacTH co cnabeim
AsMeHeaneM spkocredi. OCHOBHOE NPEHMYIIECTBO METOLOB, OCHOBAHHBIX HA
ONEpaTopax JIaIUIaCHaHa, COCTOMT B TOM, YTO OHM paboTaioT oueHb GbICTpO.
HenocTaTkoOM 3THX INPOHEAYP ABASETCA YyBCTBUTENBLHOCTh K IIYMy Ha
up3o6paxenuy. I[lo3ToMy MeTOOEI BBIAEHEHHMA KOHTYpOB, OCHOBaHHBIX Ha
ONepaTopax JalUlacHaHa, OPAKTUYECKH HE HCNONL3YIOTCA NPH  pemeHuy
OPHKJIAAHBIX 3a0a4.

B Hacrosllee BpeMA HMMECICA PAA AIrOPHTMOB BEIJEIEHMA KOHTYpOB,
paspaboraunbix Ha OGase craTHCTH4ecKHX MeTogoB. OCHOBHAd ujea I3THX
ANCOPATMOB 32KMIOYAETCS B ONPEACJICHHH KOHTYPOB 0OBEKTOB HA OCHOBE AHANH3)
cpejHee  KBagpaTH4HOIO  OTKJIOHEHHS  APKOCTH  COCEAHMX  MHUKCeneH
PacCMaTpHBAEMOrO SJ1EMEHTE H300paKEeHN.

OguaM B3 pPazHOBUIHOCTEH JAHHOrO TOAXOAA SABMAETCA CErMEHTAlHsA
n306pakeHuii, B KOTOPOM ONpeE/AOTCA OAHOPOAHEIe 06nacty uzobpaxenuii. B
pesyasTate paccMaTpHBaeMoe HcxogHoe m3obpakenue npeobpasyercs K
paeancHOoMy. Jlajiee, C NpHMEHEHHEM OLHOFO H3 METOJ0B, OCHOBAHHEIX Ha
BBIMHCJEHMH JUCKPETHBIX MOPOM3BOAHBIX, MOXHO BBIACINTh KOHTYpPHIB
CerMeHTApPOBAaHHOTO u306paKenus. [IpH HCNO/E30BaHAN 3THX METOA0B Tpeby1oTCs
6osibHIME BBIMACIAUTENLHEIE PECYPCHl. B CBA3M C OAHHBIM HENOCTATKOM METOL
DPaKTHYeCKH He MPHMEHAETCA DpH BLUICNICHHM KOHTYpoB 06BexToB Ha
#300paKEHUAX.

Mertoa BLEAEHHA KOHTYPOB, Ha ocHoBe FIRE (fuzzy inference ruled by else-
action — Heuerknii BpiBoA Ha ocHoBe MHAUYE-zeficTBus) napagHrMel, sBisercs
OTHOCHTEJILHO HEBOCHPHHMYMBLIM K LIyMy. B HEM HCNONL30BAaHbI Pa3iutius
yPOBHEii Ceporo B OKpeCTHOCTE 3X3 B Ka4ecTBe BKJIaNa B HEYETKHE NPaBala.

MeTto/ BbIie/ICHHA KOHTYPOB Ha OCHOBE HEHETKOH JIOTMKH, rZle IOKabHbIe
OCOBEHHOCTH, TakHE KaK TIPajMeHT, CHMMETPHA M  [PAMOJIMHEHHOCTH
KOMGHHHDYIOTCS [JIf TOrO, 4TOObI BBECTH HOHATHS KKOHTYP» H KYrom.
HemocTaTKOM JaHHOrO Meroaa #ABAAETC] TOT (aKT, 4YTO TPajHUMOHHOE
ONpeje/enHe TOYKH KOHTYPa KaK TOYKH C BBICOKHM TPAIHEHTOM MEXAy ABYMA
PABHOMEPHLIMH ILIOCKHMH OGNACTAMM He ACACTBYET Ha yriiax (rae paBHOMepHas
001acTh HMeeT OCTphblif yroa). Meros oOnapyxeHus rpauuil OyTeM JENCHHA
u3obpaxenns Ha 3-Heyerkue pasgensi (oGnactm), a 3aTeM HAXOXIEHHE
MaKCHMAanbHOR SHTPONKH Ul NOJIy4eHus Hannyqiero pebpa. OH Taioke nosy4u
Heo6X0/iUMOe yCOBHE MAKCHMH3ALMH SHTPONHAHOH dyHKIuM. Ha ocHoBe 3THX
YCNOBHH NOJYyqaeTCs TPEXyPOBHERBOE MI0POroBOE 3HAYEHHE.

Pa3BuBalOTCSi METOAB!, OCHOBAHHLIE HA ANMNapaTe TEOpPHH HEYeTKuX
MHOXKECTB H HeueTko#i jioruke. HecMoTpa Ha pocTurdytsie ycnexu B obaactu
nudposo#i 06paboTku H300pKEHHH HMEETCs AL HEPELUCHHBIX 3234, K ux yncny
MOXHO OTHeCTH npoGieMy a/1eKBaTHOTO OTOOpaKeHUs MpeAMETHOH 001acTh Ha
HEYeTKyl0 cHcreMy, BpiGopa MOJENEH HEYETKOro JIOTHMECKOro BhIBOAA M HX
MHTErpalysa B EAUHYIO HHTEWIEKTyalbHylo cHcteMmy. Ilpu 5TOM MHOrHE U3
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paspa6oTaHHBIX METONOB, OCHOBAHHEIE HA TCOPHH HEYETKHX MHOXeECTB, TpeGyioT
6onbluHe BRIMHCIHMTENLHEIE pECYPCH, HYTO 3aTPyAHAEeT HX TNpAMEHERHAE B
NPHKNAAHLIX CHCTEMAX, HApHMEp, B GHOMETPHYECKHX CHCTEMax YNpaBJICHHA
JOCTYIOM.

B naparpade 2.4 npeasioxeH MoAX0A K HOBHIIEHAN UBETHRIX H300pakenni,
3a QCHOBY KOTOPOrO MOJIOXKEH METOX PACTDKEHHA AWHAMHYECKOro AWAna3oHa.
YpesmepHoe ycHsleHne 3HaY€HUN HHTEHCHBAOCTEH NOKATBHEIX OKPECTHOCTEH He
Bcerfa NPHBOAKT K OXKHIAEMOMY pe3yJbTaTy, ocoOeHHO, KOTAa paccMaTpHBAIOTCA
1BeTHBIe H306paxenus. [lo3ToMy B 3TOM MOAXOME PEaTH3OBAHO pEryiHpyeMoe
ycHJeHHe 3HAYeHHH HHTEHCHBHOCTEH DAKcelleli B JOKAILHEIX OKPECTHOCTAX.
HudopMaTHBHLIME TapaMeTPaMH (IPH YTy TICHAH H300paxcennit SBILIOTCS pasMep
JIOKANBHOI OKPECTHOCTH H 3Ha4YeHHsA KO3(QHUHEHTOB YCHNEHN HETEHCHBHOCTEH
nHKCeleif B JOKAIBHBIX OKpPECTHOCTAX. Perynupys pa3MepoB JIOKaJBHBIX
okpecTHOCTe B 3HA4YeHHH K03QQULUHEHTOB YCHACHUS HATEHCHBHOCTEH NHKCeNelH
B JIOKQILHEIX OKPECTHOCTSAX, IIOKA3aHAa BO3MOXHOCTE H3MEHEHHS YPOBHA
RETaNBHOCTH H300paXeAns ¥ WHTENCHBHOCTH MUKceNeii, # onpefeNeHHs 3HaYCHUA
HHTEHCHBHOCTEH [BETOBEIX COCTaBIAIOMWX KOHETHOr0 H300paXeH s,

Tperas rnasa auccepranun «CerMeHTAHHS INBETHLIX H300paskeHHIH Ha
OCHOBE AOIIAPATA TEOPHH HEJETKHX MHOXECTB” ITOCBAIICHA PEIMEHHIO 3a7aqH
cerMeHTauHu UHGPOBEIX H300paskeHHH, KOTOpas ABNAETCA OXHON U3 OCHOBHEIX B
o6nacti uudposoii 06paboTkA H306paxieHkil # KOMIOBIOTEPHOTO 3PEHH.

HaspaGotan M  COBEpIICGHCTBOBAH METOA  CErMEHTAMH  OBETHHIX
u3o0paxennii Ha OCHOBe TEOPWH HEYETKHX MHOXecTB. IIycts HccaemyeMoe
uzobpaxende J COCTOAT W3 M (M =my X my,) snementoB: T = {py,fu €
[o,...,(my — D], v €[0,..., (my, — D]}

Ipeanonaraercd, YTO KakAuii aneMeHT J Moxer ObITh MpEACTaBNEH
MHOXECTBOM XapaKTepucTHK (MK NpA3HaKos) X:

X = {xl, .-.,xi, sy x,,}.
Toraa dcciaemyemMble H306pakeHHs MOXHO PacCMaTpHBaTh Kak MHOXeCTBO I,
cocTosmIee U3 1 IEMEATOB:
E={9,..,3 s Im}.
rae i=u+m, -v(uelo,.. (my,—1)] velo,.. (m,—1)]). Ipr >stToM
KaxnoMy 06sexty J; COOTBETCTBYET BEKTOpP MPH3HAKOB X;:
X = (xu, wer Xijs ...,xi,,).

Mmuoxectso o6bektoB {Jy,..,%, .., Im} MOXHO NpENCTaBHTE B BHIC
rabnuubl BaHHBIX Ty (Tonn = {Tuolu € [1,...,m}, v € [1, ..., n]}) pasmepHOCTH
(mxn). Kaxmaa crpoka 7T, paBHa 3H3YEHHI0 BEKTOpa-NPH3HaKOB
COOTBETCTBYIOIHEro o6beKTa.

Ilycts pana wcxomHas uHdopMaimsi To,,. 3ala4a HEUETKOH CerMeBTallNH
3aKmoYyaercs B onpejielleHHH HeueTKoro pasbueH s paccMaTpHBAEMOro MHOXECTBA
06LEKTOB Ha 33AaHHOE YKCIIO TOAMHOXKECTB, KOTOPHIE 00eCHeunBalOT AOCTHXECHHIO
3KCTpeMyMa HelleBoii GYRKIMH CpelH BCeX HEUETKHX pasOHeHHit.

B uensx yTouHCHHS 3afauH HedeTkoH CerMEHTAUMH BBEAEM HEKOTOpHIC
noaaris. ITycTs HCKOMBIE HEYETKHE CETMEHTHl MpEeNCTaBNgIOT HEKOTOPHIE
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NOAMHOXECTBA Sj, COCTOSIIIHE U3 UCXOFHOIO MHOXXECTBA O0OBEKTOB CerMEeHTalHH,
IJ1s1 KOTOpOro BBINIOJIHACTCA YCMOBHE:
£

Z,‘S](gu) =1, (V-',u € ﬂ)

rae £ — KoNUUeCTBO HedETKHX cermentos S (j € {2, ..., £}).

Ilpeanonaraercs, 9T0  KakAsli  He4€TKME  cermMeHT  ompejeneH
peABapUTEILHO H XapPaKTePH3YETCA TaK Ha3LIBAEMEIM THITHIHBIM 3JIEMEHTOM (14
HEHTPOM 3, Z; = (Zi1, ) Zijs 0 Zin)) HUCKOMOTO HEYETKOIO CerMeHta S;Ge
{2, ..., €}), xoTopBIil BEIHHCAAETCS NO xaxmomy npusuaxy

2y = i (ks,8) - / Z (s5,@0) @

u=1
rAe Tj, — 3HaYeHWe i-ro IPH3HAKa B U-OM 061:6]([’8 (aneMentsl); k — mapamerp
AICOPHTMa, Ha3pIBaEMblif SKCOOHEHHHANIBHBIM BECOM, H PaBHblii HEKOTOPOMY
peicTtBuTensaoMy uncay ((k > 1).
B kauectse uenesoéi ¢yHkuuu Oyaem pacCMaTpHBAaTh CYMMY KBajapaToB

onmHOKH: .
R=>"Y (@) I3l @
j=1u=1

j=1

rae [|x]l — sopma Bextopa x (|Ixll = Vx'X'); k — napamerp anroputma, 3HayeHHe
KOTOPOTO 3a/1aeTCsi B 3aBUCHMOCTH OT KoJH4ecTsa m anemenros I.Yem Gonswe m,
TeM MeHBIIIE AO/HKHO ObITh 3Ha4YeHHe k.

OcHxoBHaA ufed MpejlaraeMoro MOBXOAAa 3aKmodaetca B GOpMHpOBaHUH
HOJMHOXECTB TIHKCEJIOB, onpegesoLuX OIHOPOIHbIE obnactu
paccMaTpuBaeMoro  usobpaxenns. Pasbwenme R na | noamuoxects
OCYINECTBAETCA HA OCHOBE MTEPaUMOHHON OUEHKH GYHKUUY DNPHHALICIKHOCTH
KaXJoro 3JIeMEHTa MHOXecTBO R.

Ilycrs paccmaTpuBaeMoe uBeTHoe u3obpaenue coctoHt u3 W X H
nukcesieit ¥ onmcano B cucreMe RGB. IipenanaraeMeiil anropuTM cerMeHTalHH
COCTOHMT U3 TPEX 3Tanos.

IIpeapaputensHas 06paboTka useTHOro n3obpaxenns. Jlnd  npumeHeHus
aArOPHTMOB CermenTauMH TpeGyercs npeoGpa3soBaHBe HCXOJHOrO LBETOBOIO
ppoctpaxcrea B RGB npoctpascTso. [Ipoueaypbl, BCOO/B3yEMbIE B AAHHOM JTane,
OpeAyCMaTPHBAIOT CIeAYoLHe BapHaHTs! npesobpaborka:

1) croaxuBanue n306paxesus, NpeAHa3HAYECHHOE [UIS CETMEHTAlHH;

2) npeoGpa3oBanne CHCTEMbI L\BETOBBIX KOOP/HHAT.

PaccmarpuBaeMbie Ha JAHHOM 3Tane ajarOpPUTMbl HIPHMEHSIOTCH Afs YIIy4lIeHNA
KauecTBa CErMEHTANUH M SBASIOTCH HAYWILHLIM 3TANOM NPU PEIleHHH 334a4u
CerMeHTalHH H300paXeHH .

Ha stane dopmupoBanusa Habopa HEYETKHX MPH3HAKOB ONPEHEIIACTC Pl
HEYETKHX XaAPaKTEPHCTHK I8 OIHCAaHHA KAakAOro AOOyCTMMOTO 3JIEMEHTa
gcxogHoro H3oOpakenms. [lna nOpeoGpa3’oBaHMs  3JEMEHTOB  HCXOJHOrO
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H300paOKEeHHS BO MHOXECTBE BEKTOPOB-MPH3HAKOB MOXHO BEIEAHTH CIIEAyION(HE
HeYeTKHe XapaKTEPHCTHKA MO KAKAOMY IHKCENO AHAIH3HPYEMOTO HCXOXHOro
H300pakeHHS:

1. Heuetkne SIpKOCTH NHKCENS P; Ha KOOPAMHATAX X, Y MO KAXKOMY B3 Tpex
6azosrix useroB (i = 1,2,3): :

v = {zluc,(2) 20, z€ %},
z=3(xy), X={0,1,...,255},
rae J;(x, y) apKocTh i-To UBeTa MAKCENd ¢ KOOPAWHATAMH (X, ¥).

Ha puc. 6. npueencast GyHKUHH NPHHAXIEHHOCTH HEYETKOH SPKOCTH,
HCTOL3yeMBle Npi OPMUPOBAHHMA SPKOCTHEIX IPH3HAKOB H300GpKEHAS.

Ha xoopmunarte (X,y) 0O KakAOMYy /-My 0OBETY COOTBETCTBYeT APKOCTH
Ji(x,y): € (€ ={Cy,C,,C3)). 3necy € — HeerkHe MHOXecTBa ApkocTH: (y—
HeueTKoe MOAMHOXECTBO «cnabhii»; C, — HeueTkoe IOAMHOXKECTBO «cpeauaee»; C3
~ HEYeTKoE NOAMHOXECTBO CAIBHEINY,

2. Heuerkas SApKOCTb S; TPOM3BOJNLHOMO (parMeHTa u3obpaxenad,
cocrosimiero 3 3 X 3 anementos (i = 1,2, 3):

'Si = {Jz‘l#c,(‘si) =0, 5 € §}, ScX,
rae &; — CpeAHAs APKOCTh i-ro LBETA B OKPECTHOCTH OMKCENA C KOOPAWHATAMH

(xy): .
65=(Z Z 7,(x+u,y+v))/9.

U==1 p=-=1
Jns onpenenenus Hederkoif spkoctd (npH GOpMHPOBAHHH YCPERHEHHEIX
SPKOCTHBIX MPH3HAKOB MO (hparMeHTY H300pakeHHs) B OKPECTHOCTH FHKCENd C
KOOpAHHATAMH (X,y) MOXHO HCIONB30BaTh (YHKIMIO DPHHALNEKHOCTH,
MPUBEAEHHYIO Ha pHC. 2.
3. Heuerkas olieHKa CpCHHEr0 KBaAPaTHYHOrO 3HAYEHUA HPKOCTH MO
¢dparmenty H306pakenns, cocrosero w3 3 X 3 anementos (i = 1, 2,3):

€; = {eiluc, (D) 2 0, &l € D}, D c X,
TAC €; — CPEXHAA APKOCTB i-T0 IBETA MHKCENA C KOOPAWHATaMH (X, Y):

el = i i (fli(x+u.y+v))z

us-1pv=-1

4. Heuetkas olleHka pacceHMBaHHA ApKOCTHM No ¢pparmenTty m3obpaxeHns,
cocrosimiero U3 3 X 3 anemenros (i = 1,2, 3):

D; = {biluc,(®:) = 0, b, € D}, DS X,
rAe D; — CpefiHss APKOCTH i-Io LBETa MHKCENS ¢ KOOpARHATaMH (X, Y):

b = ( zl: zl: (e v))’) /o.

u=—1pv=-1

fu,v) = %i(x + u,y + v) — &(x, y).
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rae 5;(x, y) — cpensss APKOCTH i-r0 [1BeTa B OKPECTHOCTH MHKCEJIA C KOOPAHHATAMH
y)-

T u, (2 He, (7) 4, (2)

X / \ / \

/
/ /\ \
,/\\,/\ \\ z

Puc. 2. @yHKIHYM OPAHAAIEKHOCTH, HCNIOIb3yeMble NPH NOPORAEHHH
HEYeTHOro MHOKeCTBa ApKocTA mukcens 7,(x, y) ua koopanuate (X, y) oo
xaxxomy i-my usety € (€ = {C4, C3, C3}). 3aech C — He'ueTKRE MHOKECTBA

APKOCTh; C1 — HeYETKOE NOAMHOKECTBO «caabbii»; Cp — HeveTKoe

HOAMHOKECTBO «CpesHeey; €3 — He9eTKOe NOAMHOKECTBO «CHIbHbIID

v

(5]

Ounpenenenye cerMeHToB H3obpaxkenuii.  Paspenenne paccMaTpHBaEMOro
m300pakeHuss Ha | CErMEHTOB BLINONHAETCA HAa OCHOBE (JOPMHUPOBAHHA
NOJMHOXECTB  CBASAHHBIX MuKcenoB. OcHoBHaA Hues  ¢opMHpoBaHHi
DOAMHOMKECTB CHJILHOCBA3AHHBIX 3JIEMEHTOB COCTOMT B TOM, HTO 3JJIEMEHTHI
KKAOro cermeHTa Oynmer Oimke K €ro «HeHTpy», YeM K «UEATpamM» JAPYTHX
CerMeHTOB. 3ana4ya (JOpMHPOBAHKI NOIMHOMKECTB CHILHOCBA3AHHLIX SJIEMEHTOB
CUHMTaeICs pelCeHHOMH, ecnH 0o MHOXeCTBY R yAanocs onpefenuTs KUCHTPbI)
CEerMEeHTOB M IPAHALB! COOTBEICTBYIONMX HOAMHOXECTB JeMEHTOB. Biu3ocTb K
UEHTPAIHHOMY YIEMEHTY CErMEHTOB ONPEJEIIACTCA HA OCHOBE MOHATUA HEUETKOro
MHOXECTBa. ’

PaccMOTpMM MHOXXECTBO JONYCTHMSIX 3JIEMEHTOB (T.€. [JAOMNYCTHMBIX
nukcenos) u3obpaxenuss K. Ilpennonoxum, YT0 KaXAOMY HOMYCTHMOMY
sneMeHTy P (£ € R) COOTBETCTBYET BEKTOP-MPH3HAKOB @ = (@y, ..., Ay -, An)s
BBIMMCJICHHEIH Ha BTOPOM 3Tane.

AJITOPHTM HE4YeTKOi CerMeHaTalHH 31EMEHTOB H300paKEHHs MOIKHO ONTHCATE
cneayomum obpasom. Ilycre paum mapamerpsl I, C]-(j = ﬂ), XOTOphIE
XapaKTEPU3YIOT YHCIIO CErMEHTOB H LEHTPOB CerMEeHTOB COOTBETCTBEHHO. Toraa
ana  onmpenenenns ucxommoro pasbuenna  Ry(R) = {S;,|S; € R} moxuo
BBIYHC/IMTD UEHTPB! CerMeHToB 1o $opmyie (1) u 3HaueHHe uesneBor QyHKIHMH 0O
dopmyane (2). Ecan gna Hexotoporo j (j € {2, ...,1}) a Hexotoporo tey(tay € R)

3HAYCHHE
N

z(fiy —v;(x.y)) =0,

i=1
TO 1% COOTBETCTBYIOIIEr0 HEHETKOTO CerMenTa S cuntaetos, wro it (txy) = 1, 2
nns cermentos Sy (q= 1,1,/ # q) cuntaercs, uto p;(tyy) = 0.



Hanee, Ans nNONy4eHHHIX HEYETKAX CETMEHTOB YTOYHEHHE «LIEHTPOBY
CErMEHTOB H 3HaueHHA NesieBoii QyHKIUHH ocymecTrisercs o gopMymam (1) # (2)
COOTBETCTBEHHO. ‘

Belyicnenne «UEHTPOBY CEMMEHTOB OCYHIECTBAACTCA HA OCHOBE HTEPAaTHBHOIO
MeTOZa, KOTOPLIH OMHPAaeTCs Ha MOCNe0BaTENbHOE YTOUEEHHE 3HaYeRus 2;; (CM.
dopmynty (1)) B xavioit nrepanmu. Ilpy sTOM 3HavYeHuHe Ils,(f’u) BBIUACHACTCA

cneayomum obpa3oM:
ps;(0) = 8yj/ (The18up),  Suj=1/ (Cri(zj — 1))
je{1,2,..,0,ue{L,2, .. ,m}

IIpoiecc yTOYHEHHA (NEHTPOB» CETMEHTOB C MPHMEHEHHEM OMHCAHHOIO
aNropHTMa HeYeTKOo# CerMeHTalyH NPEeKpaulactcs, €CH BEINOJHAETCA ORHO H3
YCNOBHii:

D [O(Rg-1) - O(R)| = &

2) KOAHYECTBO BHIMOIHEHHBIX HTEPAlHE § NPeBLIUTaeT 33AaHHOE YHCIIO .
Yerpepras [laBa Juccepraiiid  «BblielleAHe KOHTYPHBIX JIHHRAN Ha
n300pAikeHHH ¢ MCMOILI0BAHHEM TEOPHH He1eTKHX MHOXKECTB» MOCBsIMEHa
paspaborke KJiacca anTOPHTMOB, OPHERTHPOBAHHEIX Ha BRUIENEHUE KOHTYPOB
00BCKTOB Ha H300pXKEHUSAX.

B naparpade 4.1 pazpaboran Kiacc arOPHTMOB BHIENIEHHS KOHTYPOB
0o6BEKTOB Ha A306paskeAANX, MOCTPOECHHEIX HA OCHOBE TEOPHH HEIETKHX
MHOJXECTB.

PaccMoTpum Habop JONMyCTHMBIX H300paxennii [, 3afaHHBIX B LBETONOM
npocrpaictse RGB, onpenendeMoM TpeMs OCHOBHHIMH LiBeTaMu: kpacHbM (R),
sesienbiM (G) u caanM (B). TIpn sToM xaxjgoe momycTHMoe H3o0paxeHHe
1 npencrasnsercs B BHIE TpEXMEpHOH MaTprust X pasMmepa m X n X ¢ (rae c—
KOJTMYECTBO 1[BETOBLIX KAHANOB, M H 7N — KONHYECTBO CTPOK M KOJHYECTBO
CTOJNIOIOB COOTBETCTBEHHO):

X =[xl s
TAE X; - yPOBEHb APKOCTH JNIEMEHT X;; N0 GasoBoMy UBeTy.

3anaua BHACIEHHA KOHTYPOB 0GBEKTOB A300paXKEHAS COCTOUT B TOM, HTOOB!
HaliTH KpMBYI0 Ha ||x,-j||mxn, OIpaHUYHBAIONIYI0 ONHOCBA3HLIE o6nacTH
OHpEAENeHHOro 1iBeTa (HanpuMep, 11 MOy TOHOBOIO H300pakeHns).

PaccMOTpHM MHOXECTBO #1 H3o0paxceHHit aBTOMOGHILHEIX HOMEPOB gm,
3amanHoe B BHAeE AByMepHOi Matpans! X pasmepa H X W (rae H, W- Homepa cTpox

H CTONOLOB COOTBETCTBEHHO):
Xy o Ryj e Kyw

X=] X - Xy Xjw 3)
le .se xHj eae wa
Tle  X;; —HHTEHCHBHOCTb JaHHOTO uudpoBoro usobpaxewus ( Xy €
[0,1,2,...,255]).

49



3anaua COCTOAT B TOM, YTOOBl NOCTPOMTH Takylo Marpully X pasmepoB
H X W,, aneMeHTaMH KOTOPO#i ABJIAIOTCA HHAMKATOPEI MOPH3OHTAICH:
Ill .se xlj u-zlw
X=| X " %Y
IHJ ese IHj -.awa
[Zi€ ¥;j— XapaKTepH3yeT dJ1eMeAT A3006paskenus, pacnoNoXen bl B /- i CTpoke 1 J-
M croabue:
_ {1, €C/IH IHKCeIb Xjj ABJIAETCH 3/1EMEHTOM KOHTYPHDBIX JIHHHIA;
*j/ =1 o0, Bapyrux caysasx. ’

IIpu sToM Tpebyercs, uTobn aneMenTsl MaTpHUB! ¥ B AOCTAaTOYHOA Mepe
XapakTepn3oBand (opMbl OGBEKTOB, NPEACTABNCHHBIX B BuAe UHPPOBBIX
u306paxennii (3).

OcHoBHasi Ufesl MPEeAnaraeMoro NOAXoAa 3akyouaercss B POpPMHPOBAHUH
KOHTYPHOTO H306parkenus Ha OCHOBE aHANH3a HEYETKHX NPUPALICHHH /151 KaX/10T0
oukcens. IlpeacTaBum paccmaTpuBaemoe H3oOpakeHHe Kak Halop TO4ek,
cocrosuuii w3  H X Woanemenros. [lpeanaraemsbiii  anroputM COCTOMT M3
CIEAYIOMHMX 3TANOB:

1. 3adanue oxpecmmocmu yenmpanvuozo 3nemenma. A Kaxcdozo
UEHMPEAbIOZO NIeMenma Ha 3moM smane onpenensiercs Ly = 2ky +1,8y =
2ky + 1, cxonpssmee oxHo pasmepom (06b1uHO By x8y Ky, ky HaTypanbhbie
uncna). Pasmep 5Toro oxua 3ajaerca napamerpamMH ky M ky, KoTOphie
ONpEAENsAIOTCA UCX0asa U3 OcoGeHHOCTell pacCMATPHBAEMOH 3aa4H BBUIENEHUA
KOHTypoB oObexTa Ha u3obpaxeuud. Ilocne onpeaesieHHs 3THX MapaMerpoB
CKOJIL3ALIEr0 OKHA BLIMHC/AETCS NPOCTOE NpHpallenue JUif pacCMaTpMBaeMoro
LEHTPaNbHOTO YeMeHTa (u, v):

A, v) = T(u + 8,,v + &8,) —I(u,v), 4)

8y € {~kw, ... .0,... .kw)}, 8y € {=ky, .. .0, . kgl 16u| + 16,1 # 0,
rae 8, 6,- nenbie Yuca.

Ji1a ynpoLieHHs BsruucieHnii npegnonaraercs: max|d,| = max|s,| = 1.

2. Q@uasmpayun uszobpasicenuii ¢ paiione UEHMPARbHOZO INemMenmd.
OCHOBHAaA MAEA YCPEAHAOLIErO (PHILTPa COCTOMT B TOM, YTO APKOCTh KaKZOro
LEHTPAIBHOrO IHKCENs 3aMEHAETCA cpegHeii APKOCTBIO B €10 OKPECTHOCTH, T.€.

kw ky

1
Qky + 1DQky + 1) s

1w, v) = I+ 8, v+ 6,),

=—kw Op=—ky
rae ky,ky — nmapamerpet ckonsssmero okua; J(u,v),I(u,v)- ucxoguoe u
oT(HABTPOBAHHOE H300paKeHHe.
3. Onpedenenue npupaw(eHUA ¢ KOKKPENIHOM HANPASACHUY JJI5 KAKAOr0
nenTpanbsoro nemenra I (u, v) no gopmyae (4):
A@v)=Iu-1v-1)-Iwv), Awv)=Iuv-1)-Iwv),
A v) =Iu+1,v—-1)~1(u,v), A,(u,v) =I(u+1,v)—1(uv),
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As(u,v) =I(u+1,v+1) - I(u,v), Ag(u,v) = 1w, v+ 1) — I(u,v),

A, v) =1u—-1,v+1)—I(y,v), Ag(u,v) = I(u—1,v) - I(u,v).

4. Hocmpoenue @YRKYUU RPUHAONEHCHOCMU MHOXMCECMEA HeuemKux
npupawennii. Tloctpoenye QyHKOHE TPHHALIEKHOCTH OCHOBAHO HA NpPOCTOH
3BPHCTAYECKON KOHIECMIHH HEYeTKOTO MpHpaiieHns. Cornacto 3ToH KOHIEHIHH,
HeverkHe GoNbIIME HNPHPAIEHHS COOTBETCTBYIOT IPAHHLAM OOBEKTOB, a MEJKHE
HeyeTkne nNpHpamenAs — mymaM. IIpH nocTpoeHHH QyHKUMH IPHHAANEKHOCTH
HCTIONB3yeTcs METOX MApaMETPWYECKOro MNpeAcTaBieHHs, ofecueunBaroniHii
NPOCTOTY NOCTPOEHHAS, HANPHMEP, TPEYTONbHON GYHKIAA NPHHAIJIEHHOCTH:

0, eomx<a
- x—a

, ecHa<x<b;

a

x

c—b

0, e x=c.

3nech a,b,c— HeKOTOpble YHCIOBLIE MApaMETPhbl, MPAHNMAIOMME Uelble

snayenus. a<b<c u ab,c€{0,1,2,..,k}, - xonuuecrso rpagauuii B
06pataTsiBaeMOM H306PAXEHHH.

Jins yTouHeHHS MOHATAS HEUETKOro NPHPAMICHAs BBEAEM KadecTBEHHOE

TIOHATHE «ManElii» B paMKaX TeOpHW HEYETKHX MHOXECTB. OJTO NOHATHE

COOTBETCTBYET HEUETKAM MHOKECTBAM MAJIBIX uMceld, a = —A,, b =0, c =23,

T.€.
urGoA) = {b, npu  xe€[—Ag, ..., 2];
¢ ta 0, npu x & [, ..., 44]
3nece d=(1—|xP/Az, r1mEe A3{(A;>0) - TmapaMerp ananTanmd,
XapakTepHu3ylomuii onpefeneHHEIH HaGop MakIX Yncen.
DOyuKIua MPHHAANEKHOCTH KayeCTBEHHOr0 MOBATHS GONBINONO NpHpPANICHHS
MOXeT GLITE onpelienieHa Ha GCHOBE (opMyJIRL:
pa(x) = 1 — pp(x, 0).

Tlocne nocrpoenus QYHKUMH TPHHAZTEKHOCTH HEYETKOTO NpHpAICHAS
MOABHIACTCH BO3MOXHOCTh BLIUHCIIUTS 3HAYEHHS HEUCTKUX npnpau.(emn‘i Mo BCEM
HanpaeieHHAM.

5. Pacuem 3nauenuit Heuemxux npupauieruil. Tlpn BerucicHEd 30a9CHAS
HEUETKOro MOpHPauleHWs NS TIPOH3BONBHOTO  HEHTPambHOTC  3eMEHTa
HCTIONB3YIOTCS COOTBETCTBYIOMME HEUETKHE TPABHNA B KAKAOM HANpaBleHHA.
Tpupamenus onpeAeasioTcs B BOCBMH HaNPaBReHUAX, RATIPHMED, JUIS BRITACICHAS
HEYeTKOro NPHPAILIEHVs B TEPBOM HANpPaBlCHAH, T.€.

Aw,v)=Iu~-1Lv-1)-1I(wv).

JUIA BoruuciicHs 3HaYCHHIT HEUETKUX NpHpatleHnii nis nuxcens I (y, v) B nepeom
HANpaBIEHHH MOXHO HCTIONL30BATE CEAYIONIee NPaBUNIo:

Ecnu (P, (u, v) = 0.8) ;1o A; (u, v) mano,
rae P,(u,v)- HedeTxuit TpeHMKAT, oONMCEIBaIOMMi (XapakTepusylommii)
npupatuerus B makcesdax I(u, v).

BriuliclieHHe 3HaueHAs HedeTkoro mpeauxarta Py(u,v) Ans 3ToTO MpaBHma
OCYLIECTBAETCA B NEPBOM HANPABJICHHH:

n(x;a,b,¢) = bc'_

,eaomb< x<c¢;
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Pi(u,v) = pyy (, v) A o (1, ) A 3 (u,v),
#1:(u,v) = b, W) Ay (u—-1,v+1)
H2(,v) = ) Ay (u+1,v-1),
13w, v) = u,(u—1,v+1) App,(u+1,v— 1),
1, ecan d,(u, v) Mano ¢ gocToBepHOCTLIO He MeHee 0.8;
rae P, (u,v) =10, ecnn d,(u, v) mano ¢ aocrosepHocTbio 6 (0.2 < 6 < 0.8);
0, ecmd,(u, v) Mano c gocToBepHOCTEIO He Goee 0,2,
Ll.llﬁ OCTAJIBHBIX HZIHPQBHEHHE 3HAYCHHE HEYETKOro NpeauKaTa BBIYTHCAZETCA
aHanoru4aHo. Bee npasuna Py, P, ..., Pg HCOOMB3YIOTCA JiA pacyeTa pHpaLieHHs
BO BCEX HaNpaBjIEHUAX.

6. Ilpunsmue peuieHUA HQ OCHOSe GHAAU3A 3HAYCHWI IedemKux
npupawenui. Ha 3T0M 3Tane NPHHHMAETCS PELUCHHE O CYIUECTBOBAHHH 3JIeMEHTa
(Dukcens) B mMpefenax AHANM3HPYEMOrO CKOML3ALUETO OKHA, NPHUHALIEKALIETO
KOHTYpHO#i TMHHM. B 5TOM ciiyuae peiieHHe NPHHUMAETCA HA OCHOBE CPaBHEHUSA
OLEHOK, XAPAaKTEPH3YIOIUMX HEYCTKHH NPHPOCT, PACCYMTAHHBIH 1O BCEM
HaNpPaBICHHAM:

~1, ecau Alg(u,v) < 1y;
R(Ip(w,v)) =3 0, ecmn 7 < p(u,v) <1y
. 1,  ecan 3l,(u,v) > 1y,
TAe 773, 7 — [apaMeTpsl pelatowero npasuna; 81, (u, v) — ieyeTkoe npHpaieHue,
paccyHTaHHOE NO K - My HanpaBJEHHIO.

Oto npaswio umeer crnenylowmii cmeicn. Ecng Ry = —1, To 3HavyeHHe
PaccMaTpHBa€MOro MNpHpalleHHs Mano. JTO NOKA3kIBAET, UTO HET [HKCEeNs,
OpYHAANEXAWEr0o KOHTYPY B HanpaBieHWH, NCPHEHFHKYAIpHOM Kk -my
Hanpasinenuio. Ecny Ry = 0, To 3HayeHue 3TOro OpHPAILECHHA HE NO3BOAAET
OINpEpeNnT, KaKHe MUKCENH APHUHALIEKAT KOHTYpHOH ymHMH. B oTOoM ciyyae
MOTYT NOABHTLCS NPOMyCKY NPH ONpeaeaeHny JHHUK kouTypa. Ecnu Ry = 1, To
5TOT NUKCENs NMPUHALIEKHT KOHTYPY, OPOXOAAIEMY HO OEPIEHAHKYIAPHOMY
HANPaBJCHHIO OTHOCHTEILHO Kk - rO HanpaBJCHUsA.

OTH anropuTMBl OpejHa3sHa4yeHb! MM BHIJCNCHHA KOHTYPHBIX JIMHHMHA Ha
H300paXKEHHAX, B KOKABIA M3 3THX QIMODHTMOB OHpejenterca HaGopom
napamerpoB T (f = (ky. ky, 24, {A;), 71,7%)). IIo n3menenuio (onpenenekHio)
3HAYEHHH ITHX N12PAMETPOB MOXHO PasiHuaTh KOHTYDPHbIE IMHHH H300pakenuii B
YCJIOBHAX PasAH4HBIX LIYMOB H nomeX. OnpefesieHue Hauny4Iiero ajropuTMa B
paMKax pacCMOTPEHHBIX &IrOPUTMOB OCYMIECTBISIETCL B  NPOCTPaHCTBe
0apamerpoB 7.

B naparpaje 4.2 npepnoxen cCnenuyanbHH NOAXOM, YYATHIBAIOLIHMH
cnemu$uKy 3aKaun pasaeneans KOHTYPHbIX IMHMI, B YaCTHOCTH Pa3MBbITBIX JINHWH,
pasrpaHHyHBaONX 00bexThl Ha m3o0pakeHuu. Ha ocuoBe NpEeA0XKEHHOTO
noaxoaa Owun paapaGOTaH CIEHANIbHBIH KJIACcC AIrOPHTMOB, OCHOBaHHBIK Ha
NpPEeACTABJICHHAX TEOPHH HEUYETKHX MHOXECTB, I BbUICACHHA TPaHUMHBIX
KOHTYPHBIX IMHMH 00BeKTa aa n306pakennH. Ero ocHosHas HAeA COCTOHT B TOM,
9TO0RI BRMMHCIMTL HEYETKME NPHPAWlEHAs [ KKAOTO 3JJIEMEHTa JaHHOro
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H306paXkeRHs ¥ TIPOARAIN3HPOBATh HX. IIpH 3TOM pacyeT He4eTKAX IpHpaureHni
COCTOMT M3 JABYX 4acTeii, mepBas 4acTh KOTODEIX 3aKioYaercsi B BhIENeHHH
rpaHHUbl  CTPYKTYPHWIX O0OBeKTOB, @ BTOpas 4acTb - B ONpEJCHCHHHA
TMONOXHTENLHOTO M  OTPHUATENBbHOrO 3HAYEHHWH HEYETKOro NpHpalleHds.
OKOHYaTENbHOE PelIeHHE B NPELIOKEBHOM KJacce ANrOpPUTMOB MPAHHMAETCS Ha
OCHOBE aHAJIH3a 3HAYMEHHA JONOIHUTENILHO BBEACHHOTO NTapaMeTpa, T.€. CPaBHEHNUA
PACYETHOrO 3HAYEHAS MOAMGHUIMPOBAHHOTO 3HAYEHHAS NPHPAIERAs C IOPOTrOBRIMH
THCIAMH.

B naparpage 4.3 noctpoeHa MOAENb BRIACIECHHA IPH3HAKOB MPH
pacno3HaBaHuH HOMEPOB KENE3HOAOPOKHEIX BarOHOB.

PaccMaTpuBaercs MHOXECTBO JAONYCTMMBIX H300pDWKEHHH HOMEDHEIX
3HakoB ¥, 3allaHHBIX B BHAe H3oOpaxennil. IlycTe MHOMecTBO u30GpaxeHnit J
pasbuTo Ha | HenmepeceKalomMXCs MOAMHOXeECTB (knacca) Ky, Ky, -+, K. Pasbuenne
3 onpeaesnieHo HEMOMHOCTHIO, 4 JaHA HEKOTOPas BeiGopka R™ (R™ c R), xoropas
cocrout 3 m wsobpakennii: R™ = {Ry,, Ry, R}, K; = R™ n K;, CK; =
R™\K;. 3agaua 3axmouaercs B (JOPMHPOBAIHAM HaGOpa MPH3HAKOB, KOTOPHIE
XAPaKTEPH3YIOT HCXOAHOE W306pakeHRe HOMEPHBIX 3HAKOB BaroAoB B ofecneydT
peluenie 331a4s pacno3HaBaHHs HOMEPHRIX 3HAKOB 10 BHIIEIEHHBIM XapaKTEPHHIM
PA3HaKaM.

TIpeanaraercs NOAXOA, OCHOBAHHKLIH Ha METOJE CTATHCTHYECKONO aHaiM3a
u306paKeRs HOMepHEIX 3HakoB BaroHoB. Ha Gase 3Toro mogxona NOCTpoeHa
MOJIENTh BhIAENEHHS IPH3HAKOB H306paxenuii HOMEPHBIX 3HAKOB BaroHOB.

B naparpade 4.4 penena 3aaua BbIeJIeHHUA NMPU3HAKOB, BOSHAKAIOIWX NPH
CO3NAHWM CHCTEM AWATHOCTHKH OoJie3HeH CeNbCKOXO3AMCTBEHHEIX KyJIBTYp MO
H300paXceHHAM NHUCTHEB.

PaccMOTPEHO MHOXECTBO HOMYCTHMBIX OOBEKTOB, 3alaHARIX kak 0Gpassl
nuctbeB pacteHRd. Vcxoanble AaRHBIE MO KAKAOMY IOIYCTHMOMY obrexty
(Mccnexyemoe  pacTeHwe) 3aNaloTCs  TPeXMepHoit  Marpuuel (UBETHRIM
n3obpaxenueM) X pazmepoM (Tie ¢ — KOJNHYECTBO LBETOBLIX KAHANOB; m U 1 —
KOJIHYECTBO CTPOK K CTONGLOB COOTBETCTBEHHO).

3ajaya COCTOMT B TOM, 4YTOOB! MOCTPOMTh TaKo# omneparop, KOTOpSI
no3eonsier (OpMHUPOBATH NPOCTPAHCTBO NPU3HAKOB, XapAKTEPH3YIOWMX GonesnH
KYTLTYPHRIX ~pacTeHw#, MO HCXOZHOMy o0Opasy smctees. Onpenenenne
COBOKYNHOCTH JIMArHOCTHYECKHX MPH3HAKOB {Tylse Tyiress Fun) OCYHIECTRIISETCH
Y10 3a/1aHHOM HCXORHOH REGOPMALIHK 7, HA OCHOBE CTATHCTHYECKOro anam3a. [1pa

3TOM Tpebyercs, yTo6bl popMHpyeMOE IPH3HAKOBOE NPOCTPAHCTBO OBLUIO MEHBILE
HCXOZHOTO M ¢ HEKOTOpOH TOYHOCTHIO ofecneuvBano pasfelicHHE 3alaHHBIX
00BLEKTOB.

Ipu peinenun 3aJaqH W3y4eH HECTAHAAPTHBIA MOAXOX K npobieMe
¢opMupoBanns Habopa MIPH3HAKOB, AAEHTHOUOAPYIOIHX Gone3nnH
CeJIbCKOX03iCTBEHHBIX KyasTVp. [IpH 3TOM TpexMepHas (aByMepHad) CTPyKTypa
nsobpaxenuii JnMCTheB npeobpasyerca B OAHOMEDHOE  IPOCTPaHCTBO
XapaKTEpHCTAK BhICOKOH pasMepHOCTH. Kakasid Npu3HaK onpeaendeT TONBKO
onpesienehHylo o6nacts ({parmeHt) H3oOpaxesus. Jlna omucanus kaxnoro
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¢parMenTa HCXOAHOrO H30GpaXKEHHs UCTIONB3YIOTCA PA3TUYHBIE CTATHCTHYECKHE
XapaKTEPUCTHKH.

Ilatas rnasa  pguccepratud  «3KCNePAMEHTAJIbHbIE HCCICAOBAHHH
Pa3paboTanupix ANTOPUTMOB HPH pelleHHH MOXCIbLHONH H MPHKIAZHBIX
3apaw» NOCBAILICHA ONHCAHMIO NpOrpaMMHOH peanusanud  paspaboTaHHbIX
IrOPHTMOB, 3 TAIOKe aHAIH3Y PE3YJIbTaTOB IKCOEPUMEHTAILHBIX HCCNEROBARHUE N
OPaKTAYECKOrO NPHMERCHHA 3THX AITOPHTMOB.

B npaparpage 5.1 npeanoxena KoHuenuas NOCTPOERUS CHCTEMBI H
apXHTEKTYPEl HeueTkoli o6paGoTku u3cGpakeHHii, KoTOpas OXBaTHIBAET
DpaKkTHYECKH BCe 3Tankl 06paboTky HH(pOpManmu - npeasapuTensHoii 06paborky,
NOBBIIIEHAA KaYecTBa H300payKeHHAs, BBYIENCHHA KOHTYpoB OObekra Ha
B300paKEHNY, CETMEHTAlMH B TEPMHHAX HEYETKHX MHOXKECTB, PAcIO3HABAHHMA
06BeKTOB H300pakeHHH.

B maparpade 5.2 paccMOTpeHBl COCTaB H CIPYKIypa OpOrpammHOro
KOMILIEKCa, pa3spaboTaHHOr0 Ba OCHOBE NPEIONEHHBIX aIropaTMOB 0GpaboTKy
uzobpaxennii. Jlna obecneyenus ¢yHKOMOHANBHOW NOJNHOTHI B COCTaB
ApPOrpaMMHOTO KOMIIEKCA BKJIIOYEHBl TAJOKe MPOrpaMMHBIE MOAYIH, KOTOPHIE
pPeanu3ylOT H3BECTHHIC AIMOPHTMBI, Npe/CTABMSAIOIHE pelleHHs 33484
PacnosHaBaHMA H Ku1acCUhUKANH H3COpaKeHHIH.

INaparpag 5.3 oTpaxkaer pe3yjbTaThl KOMOGIOTEPHOIO 3KCNEPHMEHTa,
OPOBEAEHHOIO C LEAbI0 aHanu3a 3peKTHBHOCTH pa3spaGOTAHHBIX: aIropaTMa
CerMeHTauyH M300paxkeHAll Ha OCHOBe KJACTepH3aOUH [0 METOAY C-CPEAHBIX M
HEeYeTKOro AIrOPUTMA KIACTEPH3AUHH I MHOXKECTBA BELIECTBEHHBIX YHCEN.
Ananu3 nmokasan, 4ro npu obGpaborke H3obpaxenuii TpeGyerca mo HeKOTOphHIM
OPH3HAKaM BBUIGIATH HEKOTOpble OJHOpOAHKle 0Onactu M300pakeHus. Dransi
npensapuTensHoii 06paGoTku u300paxkeHHs NO3BOMAIOT YMEHBIUHTH BIMSAHHE
HCK@KXEHHAN Ha NPOLECC PaCMO3HABAHMA.

HNaparpad 5.4 nocBAEH peINEeHHIO NPUKIAAHBIX 3a4ay Pacno3HaBaHus Ha
OCHOBE aHa/Iu3a ¥ HeveTKoH oOpaborku uu¢poBIX H30OpaXKeElHit: 1) AHArHOCTHKH
[0JIOCATOM PXKABYHHBI NILEHHLB! N0 U300pakeHHAM JIKCTHEE; 2) PacliO3HABAHHMA
HOMEPOB JXeJIe3HOJOPOXHEIX BaroHOB; 3) pacno3HaBaiHi HOMEPOB aBTOMOGuUei.
PaspaGoraiHple aIrOpMTMpl IOKA3aNM BRIYMHCIHTENbHYI0 S¢dexiuBHocTs H
ABSIOTCA JOMOJHEHMEM K CYIIECTBYIOIMM METOAaM OOpaGoTKH 1{BeTHbIX
u300paxenrii # Moryr OIThb HCNONB30BAHBI MNPH pelleHHH Kjiacca 3ajau,
CBA3aHHALIX C ONIPE/ICICHHEM HOMEPOB TPAHCIIOPTHBIX CPCACTB, AHAIN30M Ka4yecTBa
NpOAYKOMM, JMardoctukoii ©osie3nell pacTeHHil, pacno3sHaBaHMeM JIECHBIX
OO0XAapoB U ONpeAefcHHeM IUIOWANH 3aTOILICHHA Ha OCHOBE MCCICAOBaHHA HX
H306paxennii.

B naparpade 5.5 npuBegennt pesyabTaThl anpo0alMH paspaGoTaHHLIX
IrOPHTMOB M OPOrpaMMHOro oGecnedeHus oO6paboTku H aHAA3a H300pakeHuii
IpH pelleHUH PeaNbHOH 334auH pacno3HaBaHmsa A6IMAa M OTHA B JBYX PErHOHAX
V3bexucrana.

Bregpenve  pesyibTaToB  IMOPATMOB  KOMIBIOTEPHOH  06paboTkm
BHe0H300paXennii B pexHMe PeaibHOI0 BPEMEHH M H3BJICYEHH] JHHAMHYECKHX
06BEKTOB ¢ DOMOMIBIO KOBTYDHOIO aHANH32 M Pa3paloTaHHOTO HA UX OCHOBE
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AporpaMMHOro ofecriedeHds B CTPYKTYPHBIX NOAPasAENCHHAX MUC PVs.
TI03BOJIHIIO:

e OTcewBaTh NOXHHE cpabaThIBaHHA, TakHe Kak oOmaka, NTHOE,
06pa3oBaHys NsUTH H 1p. IIpA 3TOM AKIM B OrOHE AAERTHGULHpPYETCH
HAa OCHOBE [JHHAMHMYECKHX M CTPYKTYPHBIX ocofeHHOCTeH, a Takke
KA APKOCTH;

e yBenAuyuBaTh B cpendeM Ha 85—87% H3BledueHAs AHHAMAYECKHX
06BLEKTOB C TNOMOIEI0 aNrOPHTMOB KOHTYpHOro aHauW3a, a
[POH3BOAUTEIBLHOCTD — B cpeiHeM Ha 15%;

© yMEHbIHT: B 2 pa3a BpeMs 06paGOTKE OAHOTO Kadpa B pexHME
pEATEHOTO BpeMeHH, B PE3YJNIETATE 9€ro BpeMsi 06HapyXKeHHS: Noxapa
no ARMY WAH OrHio H ero ofpaloTka cokpamiaerci B 2 pasa H
TIONOXHTENLHO BMAET H2 BPEMS ONEPAaTHBHONO pearHpoBaHHd Ha
ype3BhEYaiHy10 CATYalMIo.

3AKJIFOYEHHUE

PeaynbTaTel [POBEJEHHOTO AMCCEPTANHOHHOTO HCCIGNOBAaHHA Ha TeMy
CANTOPUTME! aHaTH3a W300pakeHHH HAa OCHOBE TEOPHH HEYETKHX MHOMECTBY
CBOOATCA K CHNEXYIOIIHM OCHOBHBIM BLIBOAAM.

1. TIpoaHAIH3HPOBAHE! M CHCTEMATH3KPOBAHE!  OCHOBHEIE  METOAHI,
HCTIoNE3yeMule B 3afiavax of6pabotky NHOPOBHIX M300paxenHuii, C TOUKH 3PEHHA
MPUMEHAEMOr0 MaTeMaTHYECKOro anmapaTta, a Taloke AacleKTH! NpPHMeHEHHA
MOJIXOM0B, OCHOBAaHHEIX HA TEOPHH HEYETKAX MHOXECTB. AHaJH3 METOJOB
udposoii 06paboTku n3oOpaxkeHuit A BREAPECHAEC MOAXOKOB TEOPHH HEJETKHX
MHOXecCTB B mnpolecc o0paGoTkH W aHAM3a nM300pakeHHH NOATBEPNKAAOT
yhiyQileHne KayecTBa H Jat0T BO3MOXKHOCTD OTPeAEHTh OCHOBHOE HallpaBJICHHE
JUCCepTalHH.

2. ABaNN3 NHTEPATyPHHIX WCTOYHHUKOB MO NPAMEHEHHIO MATEMATAYECKOro
annapara HeYEeTKHX MOAXOXOB B 3ajnaqax oOpaGorkn uzoOpaxkeHMH MokaselBaeT,
YTO TH METOAB! HCIONL3YIOTCA, B OCHOBHOM, B TaKWX 3a[adaX, KaK IMOBLINCHAC
KOHTpAacTOB U300paxenuii, BHIJENEHHE KOHTYpOB M cerMeHTanus. OfHako 3TH
METOXB! Re HAlILIW WHPOKOro PacHpOCTPaHEHH NPH pelMieHHH MPAKNANRBIX 33834
06patoTka K306paXennii u3-3a X BEMACITATCIBHOM CITOXHOCTH.

3. Onpefieniena nes WecnenoBaHus K chopMyTHPOBAHE! 3aKa4un o6paboTKH
n3o6paxceHnii ¢ HCNONE30BAHKHEM MOAXOAOB HEdETKHX MHOMecTB. Ilpu 3TOM
OCHOBHOE BHHMaHHE yAEJCHO CeAyIOLIUM 3agadaM: |) MOBBILEHMIO XayeCTBa
H300paxkeHHs METOAAMH HEUYEeTKO#H JIOTHKH; 2) BEUICICHHIO KOHTYPOB ofnekTa Ha
usobpaxenusx; 3) cerMeHTaWM  u3o6pakeHHA ¢ HACNONL30BARMEM
MaTEeMaTHYECKOro anmnapara HEYETKHX MHOXECTB.

4. PaspaGoTaH TOAXOX NpeABapHTENbHON o6paboti H3oGpaxenméi ¢
MCHONBL30BAHHEM aNNapaTa TeopHH HeueTkax MHoxecTB. Ilpemsapurenbaas
o6paGoTka w306paxeHuii Bimowaer B cefe (oOpMHpOBAHAA NPUIHAKOBOTO
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OpOCTPaHCTBA, C MOMOWBIO KOTOPOrO peatusyiorcs o6paSotka M aBanus
H300paxenuii.

S.Paspaboran amroput™M cermesTanuu LIBETHBIX
HCNOJL30BaHHEM  METOA2  HEYETKOH knacrepusanuy,
OCOGEHHOCTHI0 KOTOPOro SBJACICA CO3AAHHE ONHCAHHA aTpubyTa KWKIOTO
[EKcens paccMaTpuBaeMoro sobpaxenns. PaspaGoranupii anroput™ sBAAETCA
AOMONHEHNEM K CYWIECTBYIOUIMM METOZAM CerMeHTaluy M306paxenuii u MOXeT
OBITE HCHOMB30BAH /I PelleHHs Kinacca 3ajad, CBASAHHBIX C onpeJeleHHEM
HOMEPOB TPAHCIOPTHBIX CPEACTB, AHANH3OM KauecTsa DPOIyKIuY, AHATHOCTHKOM
Gonesneii pacTeHuii, pacno3HaBaHHeM JECHBIX TI0XXapoB U onpegenenuem MIOAAH
3aTOILICHHS! HA OCHOBE HCCIICAOBAHHA UX H300PLKEHH.

§. Ilpepnoxen cneuuanbHbl KIACC anropHTMOB BLIIENEHHA KOHTYPHbIX
JMHMH, COOCOGHBIX aAaNTHPOBATECA K PAasiMYHEIM IOMeXaMm B n3obpaxenud mno
PANY NapaMeTpos, B KOTOPOM YYHTHIBAOTCA OCOGEHHOCTH numuuii T'PaHH1IbI,
BRIIENAOLUX 06HEKTH HA 33JaHHOM CepoM H306pwKeHny.

7. IlocTpoena Mopesb, fPEJHAsHAYEHHAS JMIs BbLACMIEHHs XapaKTepPHBIX
OPH3HAKOB NPH PACHO3HABAHMH HOMEPHBIX 3HAKOB JKEE3IHONOPOAHEIX BAFOHOB.
MaaHas Mopens ONMp2eTCA HA BLIYMCNCHHM Das/MYHBIX CTATHCTAMECKUX
XAPAKTEPUCTHK A1 KaK10ro ¢parmMenta MCXOAHOro u3oGpakenns. TecToBbie
SKCICPHUMEHTBl C HCHONB30BAHHEM MPE/VIOKCHHOH MOJENM paco3HABAHUS
HOMEPHEIX 3HAKOB BaroHOB TOKA3a/¥ BHICOKHE PE3yJFTATHl MO CPABHEHHIO C
ApyTAMH NOAXOAAaMH IS PeIlieHHs 3TOH 3aaa4H.

8. Ilpennoxens KoHuenuus noCTpOEHAA CHCTEMEL H apXUTEKTypa HEUETKOMH
o6palorku u300parkeHHH, KOTOpaA OXBaThIBAET MNPAaKTHYECKM BCE 3Tansl
o6paborku uHdopMauuu: npeasaputenshas o6paboTka, NOBLiMERHs KOHTpacTa
u300paxkeHHs, MOCTPOEHHS TIpaHHL OOBEKTa Ha W300paXEHHH, CerMEeHTAlMM
u300parkenus, NPUHATHE pelieHns. TIPaKTHYECKAs HANPABIEHHOCT Pe3y/IbTATOB
COCTOUT B TOM, YTO HA OCHOBE NPEUIOKEHHBIX MOMNENCH, AIrOPUTMOB M
OpOrpaMMHBIX CPefCTB CO3ZAHO JIOKANH30BAaHHOE OporpaMMHOe obecmetenwe,
pacumpsiomee 0o061nacTh NPHMEHEHHA COBPEMEHHBIX TeXHOJsoruii 06paGoTiu
A306paxKeHnii.

9. IlpeanoxeHHbIe aNrOPHTME! B MporpaMMHoe ofecneyenue o6paboTku u
aHamm3a #300paXeHMii B ~YCHOBHAX HEYETKOrO NPEICTABJICHAN MCXOAHOH
uagopmMauMy npenonpenenuns TpeGyeMblii NOPAAOK PE3YJBTATHBHOCTH MNpH
PELUCHMH CIENYIOIHNX OPHKJIAAHEIX 38Ra9: 3) JHATHOCTHKA MON0CATOH PIKABYHHEI
OileHHUB! 1O H300pakeHmsM JucTees; ©6)  pacnosuasaine  Homepos
JKEeIe3HOAOPOKHEIX BarOHOB; B) PacOO3HaBaHHE HOMEPOB ABTOMOOHEH.

10. Buenpense pe3yabTaToB aJTOPHTMOB KOMIBIOTEPHOH 06paGoTiu
BHAEOM300paXKeHHH B peKHMe PeaibHOr0 BPEMEHH H H3BJIEYCHUS NHHAMHYECKHX
06BEKTOB C MOMOIIBI0 KOHTYPHOro aHanu3a M pa3spaGOTaHHOTO Ha UX OCHOBE
OpOrpaMMHOro ofecnoedeHMs B CTPYKTYpHBIX moapasaencHwix MUC PVs,
003BOJIHNIO:

® OICEHBATH JIOKHHIE CpabaThIBaHWi, Takue Kak o0jgaKa, ITHuBI,

06pa3osanus nb1y K np. [Ipu 9TOM ABIM B OrOHB HASHTHGHLUHPYETCs Ha

u306paxennii ¢
OTIHYHTENBHOH
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OCHOBE JHHAMAUECKWX H CTPYKTYPHBIX ocoGeHHOCTEl, a Takoke miKaimbl
APKOCTIH;

yBEIHUHBATh B cpeAHeM Ha 85—-87% n3piiedcHus NAHAMATECKUX o0BexTOB
C IOMOIIBIO ANTOPHTMOB KOHTYPHOTO aHANH33, a IPOM3BOARTENEHOCT — B
cpenneM Ha 15%;

YMEHBIIHTE B 2 pasa BpeMs oGpaboTKi OXHONO Kaipa B PEXHME pEalbHOro
BpEMEHH, B pesyibTaTe Hero BpeMs oGHapyKeHHs Nnoxapa Mo AsMy AiH
OTHIO H ero o6paGoTka cokpaiaercs B 2 pa3a | MOJIOKHTENBHO BIMACT HA
BpeMsi ONIEPaTHBHONO PEATHPOBAHHA HA IPE3BEIHAIHYI0 CATYAIHIO.
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INTRODUCTION (abstract of the dissertation of doctor of science (DS¢))

The aim of the research work is to develop models, algorithms and software for solving
the problem of assessing image quality using fuzzy logic methods, extracting the contours of
an object in an image and segmenting it using the fuzzy set apparatus.

The object of the research work is are digital images describing the subject area.

The scientific novelty of the research work is as follows:

an algorithm for improving images based on the theory of fuzzy sets has been developed;

algorithmic support for image segmentation based on the theory of fuzzy sets has been
developed;

a mathematical model for processing and analyzing images based on the theory of fuzzy
sets has been developed to improve the quality of the digital description of an object;

a technique has been developed for applying fuzzy-multiple approaches to color image
segmentation based on clustering to improve the efficiency of the management decision support
mechanism in monitoring and data mining.

Implementation of the research results. Based on the developed methods, algorithms
and sofiware for image analysis based on the theory of fuzzy sets:

algorithms for computer processing of video images in real time and extraction of dynamic
objects using contour analysis, and the sofiware developed on their basis are implemented in
the structural divisions of the Ministry of Emergency Situations of the Republic of Uzbekistan
(Certificate of the Ministry of Emergency Situations of the Republic of Uzbekistan No. 2/4/24-
3161 dated 29.11. 2019).

Using the results of scientific research allowed:

detect smoke and fire on CCTV cameras in real time to solve the problem of color image
segmentation based on k-means and c-means clustering. At the same time, a comparative
analysis of the effectiveness of software tools for algorithms with a fuzzy approach was carried
out according to the criterion of minimizing segmentation errors and highlighting the contours
of image objects in classification problems;

screen out false positives such as clouds, birds, dust formations, etc. At the same time,
smoke and fire are identified based on dynamic and structural features, as well as the brightness
scale;

increase up to 85-87% of the extraction of dynamic objects using contour analysis
algorithms, and performance by 15% depending on the nature of the tasks;

increase 2 times the processing time of one frame in real time, as a result of which the time
for detecting a fire by smoke or fire and its processing is reduced and positively affects the time
for prompt response to an emergency.

The effect of scientific development was achieved through the use of computer technology
for processing images of smoke and fire from video cameras and analyzing their changes, which
makes it possible to control the situation in large unattended areas and facilities, thereby
reducing the damage caused by fires.

Structure and volume of the dissertation. The dissertation consists of introduction, five
chapters, conclusion, list of used literature and applications. The volume of the dissertation is

185 pages.
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Avtoreferat «Informatika va energetika muammolari» ilmiy jurnali
tahririyatida tahrirdan o‘tkazildi hamda o‘zbek, rus va ingliz tillaridagi matnlarini
mosligi tekshirildi.
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