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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 chiqish hamda joriy etishga katta e’tibor
qaratilmoqda. Ushbu sohada so‘nggi yillarda erishilgan yutuglar va tasvirlarni qayta
ishlash algoritmlarini takomillashganligi identifikatsiyalashni kompyuter asosidagi
analitik yondashuvlarini ishlab chigishga imkon berdi. Tasvirlarni tahlil qilishda
ko‘plab tadgiqotlar o‘tkazilganligiga garamay, ular asosan noravshan bo‘lmagan
ma’lumotlarni tahlil gilishga yo‘naltirilgan bo‘lib, tasvir noravshan elementlari
bo‘yicha tadgiqotlaming 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 qilishning 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 qolmoqda.

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

Respublikamizda  jahon  axborot  makoniga  mamlakatimizning
integratsiyalashuvini tezlashtirish maqsadida zamonaviy raqamli texnologiyalarni,
jumladan qarorlarni gabul gilishni 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. “... igtisodiyot tarmogqlari va ijtimoiy sohada, davlat
boshqaruvi tizimida sun’iy intellekt texnologiyalarini ishlab chigish...; aholi
manfaatlari yo‘lida davlat xizmatlari ko‘rsatish sifatini yaxshilash, shuningdek,
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 mahalliy 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 qayta ishlash va sifatini oshirish,

! O‘zbekiston Respublikasi Prezidentining 2021-yil 17-fevraldagi PQ-4996-m “Sun’iy intellekt texnologiyalarini
jadal joriy etish uchun shart-sharoitlar yaratish chora-tadbirlari to‘g’risida”gi qarori
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tasvirdagi kontur chiziglarini 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-tadbirlari to‘g‘risidangi qarorlari hamda mazkur
faoliyatga tegishli boshqa me’yoriy-huqugiy hujjatlarda belgilangan vazifalarni
amalga oshirishga ushbu dissertatsiya tadqiqoti muayyan darajada xizmat giladi.

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

Dissertatsiyf mavzusi bo‘yicha xorijiy ilmiy tadgiqotlar tahlili>. “Soft
computing™ vositalaridan foydalanish, tasvirlarni qayta ishlash va tanib olish
algoritmlari ishlab chiqish va takomillashtirish bo‘yicha ilmiy va amaliy ishlar
Kaliforniya universiteti, Massachuset texnologiya instituti, Microsoft Akademiyasi,
Oracle tadgiqot 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 tasvirlarni qayta ishlash va
tanib olish algoritmlari yangi avlodini ishlab chigish (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 tasvirlami tasniflashdagi xatoliklari 10-15%ga
qisqarishiga olib kelishi asoslangan (Massachuset Texnologiyalar instituti,
Microsoft Akademiyasi, Oracle Tadgiqot Markazi, Moskva Davlat Texnika
Universiteti, RFA Hisoblash markazi, Inha universiteti, Seul Milliy fan va

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

Muammoning o‘rganilganlik darajasi. Tasvirlarni qayta ishlash, tahlil
qilish va tanib olishda ma’lumeotlarni intellektual tahlil gilish tizimlarini ishlab
chigish bo‘yicha olib borilgan keng ko‘lamli tadqiqotlar natijasida muhim nazariy
va amaliy natijalar olingan. Ko*plab xorijiy olimlar ishlari tasvirlarni tahlil gilish va
tanib olish muammosini hal gilishga bag‘ishlangan bo‘lib, ular orasida D.Ballard,
Ye.Devis, R.Gonsales, Yu.lJuravlev, 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, JKlira, 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
qilish va tasvirlarni 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 tadgiqot ishlari digqatga sazovor.

Mazkur tadgiqotlar natijasida qarorlarni gabul qilishni go‘llab-quvvatlash
intellektual tizimlari uchun ishlab chigilgan 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’lumotlarni intellektual tahlilga oid muammolarni hal qilishda
noravshan to‘plamlar nazariyasiga asoslangan model, usul va algoritmlarni ishlab
chigish hamda amliyotda qo‘llash bo‘yicha tadgigotlarga alohida ye’tibor qaratish
dolzarb muammolardan bo‘lib qolmogda.

Dissertasiya tadqiqotining dissertasiya bajarilgan oliy o‘quv yurtining
ilmiy-tadqiqot ishlari rejalari bilan bog’ligligi. Dissertasiya tadgiqoti Jizzax
politexnika instituti ilmiy-tadgiqot rejasiga muvofiq NeA-5-19 “Noravshan
to‘plamlar nazariyasi asosida tasvirlarni gayta ishlash va tahlil gilish algoritmlari va
dasturiy ta’minotini ishlab chigish" mavzusidagi amaliy loyihasi doirasida
bajarilgan.

Tadqiqotning magqsadi tasvirlarni tahlil qilishning noravshan model va
algoritmlari hamda dasturiy ta’minotni ishlab chigishdan iborat.

Magsadga erishish uchun quyidagi tadqiqot vazifalari qo‘yilgan:

tasvimi qayta ishlash va tahlil qilish tizimlarini loyihalash bo‘yicha
tadqiqotlar holatini o‘rganish va tahlil gilish;

noravshanlik sharoitida tasvirlami tahlil gilish va tanib olish modellari va
usullarini ishlab chlqlshnmg nazariy va uslubiy asoslarini o‘rganish;

tanib olish tiZimlarida qaror gabul qilishni gqo‘llab-quvvatlash uchun mugobil
ishlab chigish masalasining matematik qo‘yilishini shakllantirish;

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

noravshan to‘plamlarning matematik apparati asosida tasvirlarning kontur
chiziglarini aniglash algoritmi va dasturiy modulini yaratish;

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

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

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

Tadqiqotning predmeti noravshan to‘plam yondashuviga asoslangan
tasvirlarni qayta ishlash va tahlil qilish model, usul va algoritmlari hisoblanadi.

Tadgiqotning usullari. Tadgiqot davomida ma’lumotlarni intellektual tahlil
qilish, noravshan to*plamlar nazariyasi, ehtimollik va boshqaruv nazariyasi, ekspert
baholashlar, tasvirlarni qayta ishlash va tanib olish usullaridan foydalanilgan.

Tadgiqotining ilmiy yangiligi quyidagilardan iborat:

raqamli tasvirlardagi uchraydigan noaniqliklarni inobatga olgan holda intuitiv
noravshan to‘plamiga ko‘ra kamaytirishni moslashuvchan va barqaror matematik
modeli takomillashtirilgan;

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

tasvir yoqinliklarini inobatga olgan holda noravshan o‘sishlar tahliliga ko‘ra
kontur chiziglarini 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 chigilgan.

Tadqiqotning amaliy natijalari quyidagilardan iborat:

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

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

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

ma’lumotlarni intellektual tahlil qilish tizimlari asosida tasvirlarni raqamli
qayta ishlash uchun noravshan to‘plamlar nazariyasining matematik apparati ishlab
chiqilgan;

qaror gabul gilishni qo*llab-quvvatiash uchun muqobil yechimlarni yaratishda
tasvir obektlari konturlarini aniglash usuli ishlab chigilgan;

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

k-o‘rtacha va c-o‘rtacha wusullari yordamida rangli tasvirlarni
segmentatsiyalashning noravshan klasterlash algoritmi ishlab chiqilgan.

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

Tadgqiqot natijalarining ilmiy va amaliy ahamiyati. Tadqiqot natijalarining
ilmiy ahamiyati qarorlarni qo‘llab-quvvatlash tizimlari uchun tasvirlarni 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 chigilgan model va algoritmlarning
hissa qo‘shishi bilan izohlanadi.

Tadgiqot natijalarining amaliy ahamiyati taklif etilgan algoritmlar va dasturiy
majmuani loyihalash hamda yaratiladigan turli zamonaviy tasvirlarni tahlil gilish
tizimlarining ishchi belgilar lug‘atini shakllantirish bilan izohlanadi. Tadgiqot
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.

Tadgqiqot natijalarining joriy qilinishi. Noravshan to‘plamlar nazariyasiga
asoslangan tasvirlarni tahlil gilish uchun ishlab chigilgan 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 qilish hisoblash tezligini 2 barobarga oshirish imkonini bergan;

klasterlash usullar xossalarini inobatga olgan holda qarorlarni qabul qilishni
qo‘llab-quvvatlash goidalariga ko‘ra tasvirlarni segmentatsiyalashning noravshan
yondashuvli uslubi Samarqand viloyati Favqulodda vaziyatlar boshqarmasiga joriy
etilgan (O“zbekiston Respublikasi Favqulodda vaziyatlar vazirligining 2019 yil 29
noyabrdagi No2/4/24-3161-son ma’lumotnomasi). Natijada videotasvirdagi dinamik
obyektlami ajratib olishda 85-87%, ish unumdorligini esa 10-15% ga oshirish
imkonini bergan;

shovqin turlarini inobatga olgan holda ranglarni sezilarli o‘zgarmaydigan
lokal sohalarni tefislash yondashuvlariga ko‘ra ulami pasaytirish algoritmi va
dasturiy ta’minoti Samarqgand viloyati Favqulodda vaziyatlar boshqarmasiga joriy
etilgan (Samarqand viloyati Favqulodda vaziyatlar boshqarmasining 2019 yil 22
noyabrdagi ma’lumotnomasi). Natijada tasvirlarni tahlil qilish asosida tutun va
olovni aniglash vaqti 2 baravargacha gisqartirish imkonini bergan;

tasvir yorginliklarini inobatga olgan holda noravshan o‘sishlar tahliliga ko‘ra
kontur chiziglarini ajratishning noravshan algoritmi 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 2-3 barobarga
oshirish imkonini bergan;

tegishlilik funksiyalar xossa va xususiyatlarini inobatga olgan holda
noravshan 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
vazirligining 2019 yil 29 noyabrdagi Ne2/4/24-3161-son ma’lumotnomasi). Natijada
videotasvirdagi dinamik obyektlarni 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.

Tadgqiqot natijalarining e’lon qilinishi. Tadqiqotning asosiy natijalari 39 ta
ilmiy nashrlarda chop etilgan bo‘lib, shundan 1 ta monografiya, 11 ta O‘zbekiston
Respublikasi Oliy attestasiya komissiyasi tomonidan 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 O°‘zbekiston Respublikasi fan va
texnikasini rivojlantirishning ustuvor yo‘nalishlariga muvofigligi va dolzarbligi
asoslanadi, dissertatsiyaning magqsad va vazifalari shakllantiriladi, tadgiqot obyekti
va predmeti belgilanadi, ilmiy tadqiqot yo‘nalishlari belgilab beriladi. tadqgiqotning
yangiligi va amaliy natijalari, olingan natijalarning ishonchliligini asoslaydi, olingan
natijalarning nazariy va amaliy ahamiyatini 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 “Tasvirlarmi
qayta ishlash va tahlil qilishning nazariy asoslari” nomli birinchi bobida raqamli
tasvirga ishlov berishning zamonaviy yondashuvlari, usullari va algoritmlari tahlili
olib boriladi, noravshan tasvirlarni tahlil qilish asosida qarorlar gabul 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
kontrastlamni 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 raqamlarini aniqlash bilan bog’liq
tasvirlar shaklida noravshan dastlabki ma’lumotlarni taqdim etishda ko‘plab amaliy
qarorlar gabul qilish muammolari uchun xosdir; odamlar, hayvonlar va o‘simliklar
kasalliklarining diagnostikasi; biometrik shaxsiy identifikatsiya; yerni masofadan
zondlash, o‘rmon yong’inlarini aniqlash; suv toshqini maydonini aniglash, mahsulot
sifatini tahlil gilish va raqamli tasvirlarni tahlil gilish va tadqiq gilishni talab
qgiladigan boshqa ko‘plab shunga o‘xshash vazifalar.

Shu sababli, asl ma’lumotlarning noravshan ifodalanishi sharoitida
kontrastlarni 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 chiqish 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 chigish zarur.

Birinchi bobning yakuniy paragrafida dissertatsiya tadgiqotining magsadi va
asosiy vazifalari elon gilingan.

Dissertatsiyaning  “Noravshan to‘plamlar mnazariyasi 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 haqidagi
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. Tasvimi oldindan gayta
ishlash bosqichlari buzilishlarning tanib olish jarayoniga ta’sirini kamaytirishi
mumkin. Birog, tanib olish to‘liq bo‘lmagan va noravshan ma’lumotlar sharoitida
sodir bo‘ladi. Ushbu muammoni hal qilish 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
oglanadi.

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‘rtasidagi bog’lanishni
ta’minlaydi. Umunfan olganda, qoidalar ko‘rib chigilayotgan mavzu bo‘yicha bir
yoki bir nechta mutaxassislarning tajribasidan kelib chigishi mumkin.

Ushbu qoidalarda ko‘rib chigilayotgan piksel va uning qo‘shnilari o‘rtasidagi
yorqinlik giymatlaridagi farglar kirish, bu pikselning yorqinligi giymatlarining
oshishi/kamayishi esa chiqish hisoblanadi. Agar tasvir yorqinligi giymatlari [0, L-1]
oralig'ida (bu erda L - yorqinlik gradatsiyalari soni) deb faraz gilsak, u holda oddiy
uchburchak noravshan to‘plamlar - ijobiy o'rtacha va salbiy o'rtacha aniqlanadi.
Interval [-L+1, L-1] va kirish o‘zgaruvchilarning yorgin va qorong’i yorginligi
qiymatlarini ifodalaydi va kichik musbat, nol va kichik manfiy uchburchak
noravshan to‘plamlar ko‘rsatilgan qiymatning o‘sishi (tuzilgan qoidalarning
ogibatlari bo‘yicha) sifatida aniglanadi. Chiqish giymati asl piksel yorginligi
giymatiga 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 etilgan.

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

Tasvirning har bir nuqtasida natijaga erishish uchun ishlov berish
protseduralarining aksariyati qayta ishlanayotgan nuqtani o‘rab turgan asl tasvirdagi
ma’lum nugtalar 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 qo'shimcha
ravishda baholash va shu asosda mahalliy tasvir elementlaridan yorqinlik
kontrastlarining chizigli bo‘lmagan transformatsiya funksiyasini shakllantirish taklif
etiladi.

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

Tegishlilik funksiyalari £’ (¥, ¥)va #8(x,y) quyidagicha aniglanadi:

1. Normallashtirish:
] f(x’y)—fm‘m
fm "fm )

2. Fazzifikatsiyalash (Noravshanlanish):
1

1+ u(x,y)_ci
g

u(x,y) =

#l:’(x’y)-_. ’=1’_k*

3. Fazzifikatsiyalashni (Noravshanlanishni) aniqlashtirish:

1
20/ (%, ), o<y’ ®y<,
w(x,y)= .
1-20- 4/ Co ), 5 <p/ YSL.
4. Normallashtirish:
v(x,y) =I 8(x>)’)—gm )

5. Fazzifikatsiyalash (Noravshanlanish):
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1 ,
v(x,y)-c,’ i=l,
1+ 28P)76
o

-4
6. Fazzifikatsiyalashni (Noravshanlanishni) aniglashtirish:
1
Apt ), O<pEy)<,

=~

Ag(x’y) =

HE(x,y)= 1
1-2(1- gf (x, )%, 5<ﬂf(x,y)51-

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

C;, 0;va O, - tegishlilik funksiyasining parametrlari.

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

Bu masalani chizigli kontrastni elementma-element o¢zgartirish yordamida

hal gilish mumkin:

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

M(g(x, )], oig(x,y)ar olinsin:
f(x,}’)-M[f(x,J’)]

g(x,y)= TR olg(x, y)1+ Mlg(x, y)]=
__oletxy) _ oig(x, )]
Gl S(xy)+ Mlg(x, y)]- MLf(x,¥)] TRk
yani
-olgxyl _ gty
otfy L MEEIMUE
Bu yerga
k k
PWACSINTAERY 2.8xy) M)
MLf(x,y)]=£— . Mlg(x,y)]=— ;
> u (x,y) > (x,y)

i=1 i=1
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0, g(x,y) <0,
g(x,y)=F(f(x,y))={8(,»), 0<g(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 noravshanlikni 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, aniqlik, bir xillik kabi oldindan belgilangan tasvir xususiyatlariga
muvofiq kulrang darajagi g; (i,j)-chi pikselga mos keladigan tegishlilik qiymatiga
#,(g;) ishora qiladi.

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

A={(g;> #a(g)) valg,)))|gy 10,...L-B},

bu yerda 7€{l,...M} va je€{l....N} uu(g;) va va(gy) mos ravishda (ij)-chi
pikselning tasvir xossalariga muvofiq to‘plamga tegishlilik va tegishli emaslik
darajasini bildiradi

INT nazariyasiga asoslangan tasvirni qayta ishlash usullari ragamli 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 aniglashda bizning ishonchimizga ta’sir giladi va
shuning uchun tegishli nuqta bilan bog’liq ba’zi shubhalami keltirib chiqaradi.
Tasvir piksellarining yorqinligini 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 chigamiz:

- £
”A (g ) L _1 s
bu yerda g €1{0,...,L—1}. Shuni ta’kidlash kerakki, u4ni hisoblashning boshqa har
qanday 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 aniglanadi

ﬂg(x)=max{0,l—|L_p—§1},

bu erda musbat parametr p sonning shaklini boshqaradi.
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Tasvirning xiralashishi - tasvir piksellari bilan bog’liq ikkima’nolikning
kulrangligi o‘Ichovidir. Ba’zan yorgin va qorong’i joylar o‘rtasidagi kontrastni
oshirish uchun tasvirdagi xiralik miqdorini bir necha marta kamaytirish talab etiladi.
Noravshanlikni minimallashtirishga asoslangan kontrastni kuchaytirish algoritmi
quyidagi shaklda taklif etiladi:

-F,
Enx —8
N =| 14 Smax s
Hy(2) ( F ]
bu yerda gmaks istalgan narsaning maksimal kulrang darajasini bildiradi va F,, Fy
mos xolda noravshan tekisliklarda noaniqlikni boshqaradigan eksponensial va
denominatsional fazzifikatorlardir. F; fazzifikator quyidagicha aniqlanadi:

Smax — 8
Fd= m‘x_l

(-
2

Tegishlilik giymatlarini o‘zgartirgandan so‘ng, defazzifikator quyidagicha
amalga oshiriladi:

0 ecrug <0,
g2'=1g ecau 0< g <255,

255ecnu g > 255,
bu yerda g’ - yangi kulrang daraja va g teskari tegishlilik funksiyasidan hosil
qilinadi:

S

j
g =8mx —F; [(ﬂi(g))p' -1].

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

1) diskret hosilalarni hisoblashga asoslangan yondashuv;

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

3) noravshan to‘plamlar nazariyasidan foydalanishga asoslangan yondashuv.

Diskret hosilalarni hisoblashga asoslangan yondashuv doirasida ishlab
chigilgan 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 aniqlash 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 gilish diskret ikkinchi tartibli
hosilani aniqlashga qisqartiriladi. 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 shovqiniga sezgirlikdir. Shu sababli, amaliy
masalalarni yyechishda Laplas operatorlariga asoslangan konturni aniqlash 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
chigilayotgan tasvir elementining qo‘shni piksellari yorqinligining standart og’ishini
tahlil gilish asosida obyektlarning konturlarini aniglashdir.

Ushbu yondashuvning bir varianti tasviming bir hil sohalari aniglanadigan
tasvir segmentatsiyasidir. Natijada, ko‘rib chiqilayotgan 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 aniglashda 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 girrani olish
uchun maksimal entropiyani topish orqali konturni aniqglash usuli. Shuningdek, u
entropiya funktsiyasini maksimallashtirish uchun zarur shartni oladi. Ushbu
shartlarga asoslanib, uch darajali chegaraviy giymat olinadi.

Noravshan to‘plamlar nazariyasi va noravshan mantiqqa asoslangan usullar
takomillashtirilmoqda. Raqamli tasvimi gayta ishlash sohasida erishilgan
yutuglarga qaramay, bir qator hal gilinmagan muammolar mavjud. Jumladan,
predmet sohasini noravshan tizimga mos akslantirish, noravshan mantiqiy xulosalar
modellarini tanlash va ularni yagona intellektual tizimga integratsiyalash
muammolari shular jumlasidandir. Shu bilan birga, noravshan to‘plamlar
nazariyasiga asoslangan ishlab chiqilgan ko‘plab usullar katta hisoblash resurslarini
talab qiladi, bu esa ulardan amaliy tizimlarda, masalan, biometrik kirish-chigishni
boshqarish 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 giymatlarini aniglash imkoniyati ko'rsatilgan.

Dissertatsiyaning “Rangli tasvirlarni noravshan to‘plamlar nazariyasi
apparati asosida segmentatsiyalash™ nomli uchinchi bobi ragamli tasvirni qayta
ishlash va kompyuterda ko‘rish sohasidagi asosiy masalalardan biri bo‘lgan raqamli
tasvirni segmentatsiyalash muammosini hal qilishga bag’ishlangan.

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

O‘rganilayotgan tasvir I m (m = m,, x m,,) elementlardan iborat bo‘lsin:
I={pwluell,..,(m,—)velo,..,(m, -1}

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

mumkin deb taxmin qilinadi:

X ={xg, s Xiy ey X}
U holda o‘rganilayotgan tasvirlarni m elementlardan iborat I to‘plam deb hisoblash
mumkin:

I={9,...9 ... T},
buyerdai =u+my,-v @ €|o0,..,(m, —1)], v € [0,...,(my, — 1)]). Bu holda,
har bir obyekt 7;g4 X; belgilar vektori mos keladi:

X; = (Xn, wer s Xy oen ,xin).

{%4,..,3, ...,/ 3.} obyektlar to'plamini (m X n) o‘Ichovli ma’lumotlar jadvali
Tonn(Tn = {twlu €[4, ...,m], v € [1, ..., n]}) sifatida ifodalash mumkin. Har bir
satr Tr,, mos keladigan obyektning belgilar vektori giymatiga teng.

Boshlang’ich ma’lumot  Tpup 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 §; kichik
to“plamlarni ifodalaslin, va bu to‘plamga nisbatan quyidagi shartlar bajarilsin:

a0 =1 (W€D

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

Har bir noravshan segment oldindan belgilangan va tipik element (yoki
g; markaz 3; = (21, ., Zij, .., Zin)) bilan tavsiflangan deb taxmin qilinadi
(qidirilayotgan noravshan segmentning S; (j € {2,...,£})), va u har bir belgilar
bo‘yicha hisoblanadi:

7y = (i (s, 8) - ) / Z b @) . @
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bu erda 7;;, — 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 m

R=)"Y (us,(v,,))k 17 = 2l @

j=1u=1
bu erda ||x]| -vektor normasi x (lell = Vx’x’); k- algoritm parametri, uning qiymati
elementlarning 1 m soniga qarab o‘rnatiladi. m qanchalik katta bo'lsa, k qiymat
shuncha kichikroq bolishi kerak.

Taklif etilayotgan yondashuvning asosiy g’oyasi ko‘rib chigilayotgan
tasvirning bir hil sohalarini belgilaydigan piksellar to‘plamini shakllantirishdir. Rni
I 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
bosqichdan iborat.

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

1) segmentatsiyalash uchun mo‘ljallangan tasvirni tekislash;

2) rang koordinatalar tizimini o‘zgartirish .

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

Noravshan belgilar to‘plamini yaratish bosgichida B boshlang’ich tasvirning
har bir haqiqgiy elementini tavsiflash uchun bir qator noravshan belgilar aniglanadi.
Dastlabki tasvirining elementlarini belgilar vektorlari to*plamiga aylantirish uchun
tahlil gilinadigan 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 piksel yorqinligi p;:
pi = {zluc,(2) = 0, z € X},
z=173(xy),%¥={01,..,255},
bu erda 7;(x, ¥) - koordinatalari (x, y) bo‘lgan pikselning i-chi rangining yorginligi.

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

(x,y) koordinatada har bir i-chi rang uchun J;(x,y) yorqinlik mos keladi:
C(C = {C,,C;,C3}). Bu erda € yorqinlikning noravshan to‘plamlari: 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)eclementlardan tashkil topgan tasvirning ixtiyoriy
bo‘lagining §; noravshan yorqginligi:

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

(Z Z .'Ii(x+u,y+v))/9

u=-1v=-1
(x,y) — koordinatali piksel atrofida noravshan yorginlikni (tasvir fragmenti
bo‘yicha o‘rtacha yorginlik belgilarini yaratishda) aniqlash uchun 2-rasmda
ko‘rsatilgan tegishlilik funksiyasidan foydalanish mumkin.

3.3 x 3 (i =1,2,3) elementlardan tashkil topgan tasvir fragmenti bo‘yicha
yorginlikning o‘rtacha kvadrat giymatining noravshan bahosi:
€ = {eluc, (D =0, ] €D),DCX,
bu yerda e; — (x, y) koordinatali pikselning i-chi rangining o‘rtacha yorgqinligi:
2
el = Zhem1 ot (B + wy +v))
@) Mz) SMaf2)

_.
!
%
i
1
1
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i
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2-rasm. 7;(x, y) piksel yorgqinligining noravshan to‘plamini yaratishda (x,y)
koordinatada har bir i -rang C(C = {C,, C3, C3}) bo‘yicha foydalaniladigan
tegishlilik fanksiyalari. Bu erda C yorqinlikning noravshan to‘plamlari; €, —
“zaif” noravshan kichik to‘plam; C,— “o‘rtacha” noravshan kichik to‘plam;
C3- "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:) =0, b, €D}, D C X,
bu erda d; — (x,3) koordinatali pikselning i -chi rangining o‘rtacha yorginligi:

= (Z }1: (1 v))’) 2

u=—1v=-1

fu,v) = %i(x + u,y + v) — 5(x, ),

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

Tasvir segmentlarining ta’rifi. Ko‘rib chigilayotgan tasvirning 1
segmentlarga bo‘linishi bog’liq piksellarning kichik to‘plamlarini shakllantirish
asosida amalga oshiriladi. Kuchli bog’langan kichik to‘plamlarni shakllantirishning
asosiy g’oyasi shundaki, har bir segmentning elementlari, boshqa segmentlarning
“markazlariga” qaraganda, uning “markaziga® yaginroq bo‘ladi. Kuchli
bog’langanlarning kichik to‘plamlarini shakllantirish masalasi hal gilingan
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hisoblanadi, agar R to‘plam bo‘yicha segmentlarning "markazlari" va
elementlarning mos keladigan kichik to‘plamlari chegaralarini aniglash mumkin
bo‘lsa. Segmentlarning markaziy elementlga yaqinligi noravshan to‘plam
tushunchasi asosida aniglanadi.

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

Tasvir elementlarining noravshan segmentatsiya algoritmini quyidagicha
tavsiflash mumkin. Mos ravishda segmentlar va segment markazlari sonini
tavsiflovchi /, C;(j = 2,1) berilgan bo‘lsin. U xolda, dastlabki Ry(R) =
{S;.1S; = R} bo*linishni aniqlash uchun (1) formuladan foydalanib, segmentlarning
markazlarini va (2) formula yordamida maqsad funksiyasining qiymatini hisoblash
mumkin. Agar ba’zi j( j € {2,...,1}) va ba’zi r(ry, €R) qiymatlar uchun
ZL (v — vy ) =0,
bajarilsa, u holda mos keladigan noravshan segment uchun S; shunday p;(r,,) = 1
hisoblanadi va S, (q = 1,1,j # q) segmentlar uchun u j (try) = 0 deb hisoblanadi.

Bundan tashgari, olingan noravshan segmentlar uchun segmentlarning
“markazlari” va maqsad funktsiyasining qiymati mos ravishda (1) va (2) formulalar
yordamida aniglashtiriladi.

Segmentlarning “markazlarini” hisoblash iterativ usul asosida amalga
oshiriladi, bu z;; qiymatni ketma-ket aniqlashtirishga asoslangan (har bir
iteratsiyada (1) formulaga qarang). Bunda qiymat pug y (9.) quyidagicha hisoblanadi:

I‘S](ju) = suj/ (zl =1 6uv)n Juj =1/ (Z?=1(zij - tiu))'
je{1,2,...,ue{1,2,..,m}

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

DIO(Rq-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 aniqlashga qgaratilgan algoritmlar sinfini ishlab chigishga
bag’ishlangan.

4.1 paragrafda noravshan to‘plamlar nazariyasi asosida qurilgan tasvirlardagi
obyektlarning konturlarini aniqlash algoritmlari sinfi ishlab chigilgan.

RGB rang fazosida berilgan, uchta asosiy rang bilan aniqlangan magbul 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 c - rangli kanallar soni mva n— mos holda qatorlar va ustunlar
soni):

X= "xiﬂ‘ Ilmxnxk’
bu erda x;;;, - asosiy rangga asoslangan x;; elementning yorginlik darajasi.
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Tasvir ob’ektlarining konturlarini aniglash masalasi ||xi,-"mmda ma’lum bir
rangdagi (masalan, yarim rangli tasvir uchun) oddiy bog’langan sohalarni
chegaralaydigan egri chizigni topishdir.

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

xll ees x1j es xiW
X=| Xin = Xjj - Xiw 3)

x”’. e xHj uowa
bu yerda x;; —berilgan raqamli tasvirning intensivligi (x;; € [0,1,2, ...,255]);
i=12,.. .H; j=12,.. W.
Masala quyidagidan iborat: elementlari kontur ko‘rsatkichlaridan iborat
H x W o‘lchamli X matritsani qurish talab etiladi:
xll ees zlj e 11w
£= xil e Iij -.o:iw
/ zHi .es IHI ..-I"W
buyerdax;; - i-chi qator vaj-chi ustunda joylashgan tasvir elementini xarakterlaydi:
_ {1, agar xy; piksel kontur chizigning elementi bo‘lsa;
*i =10, boshqa xollarda.

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

Taklif etilayotgan yondashuvning asosiy g’oyasi har bir piksel uchun
noravshan o‘sishlarni tahlil gilish asosida kontur tasvirini shakllantirishdir. Ko‘rib
chigilayotgan tasvirni H X W elementlardan tashkil topgan nuqtalar to‘plami
sifatida tasavvur gilaylik. Taklif etilayotgan algoritm quyidagi bosgichlardan iborat:

1. Markaziy elementning atrofini berish. Ushbu bosqgichda har bir markaziy
element uchun siljuvchi oyna o‘ichami £y = 2ky + 1,24 = 2ky + 1, (odatda
8yx2, ky,ky butun sonlar) aniglanadi. 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 chigilayotgan
markaziy element (2, v) uchun oddiy orttirma hisoblanadi:

A, v) =I(u+ 8, v+8,) —I(u,v), 0]

6y € {=kw, ... ,0, ... . kw}, 8, € {—ky, ... ,0,... . ky}, 16,]+16,] # 0,
bu yerda §,,, 8,, butun sonlar.

Hisob-kitoblami soddalashtirish uchun quyidagi taxmin qilinadi: max|é,| =
max|s,| = 1.

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

1
I(u'V)=(2kw+1)(2kH+1)sz Z I(u+ 8,0 +86,),

u=—kw Sp=—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(u, v) uchun anig bir

yo'‘nalishdagi orttirmani aniglash:
Awv)=Iu-1Lv-1)-=Iwv), A ,wv)=Iwv-1)-1(u,v),
As(uv)=1(u+1,v—-1)—-I(wv), A,(u,v)=Iu+1v)-I(v),
As(u,v) =1u+1,v+1)—I(uv), Ag(u,v) =1(u,v+1)—I(uv),
A,(uv)=1u—-1Lv+1)—-I(wv), Agu,v)=I1(u—-1,v)-I(uv).

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'llaniladi, bu masalan,
uchburchak tegishlilik funktsiyasining qurish qulayligini ta’minlaydi:

0, agar x<a;

x—a

—a’ agara<x<b;
“(x:aibrc) = C—X

Py agarb < x <c;

0, agar x>c.
Bu erda a, b, ¢ - butun son giymatlarni gabul giladigan sonli parametrlar. a <
b <cvaa,b,c€{01,2,..,k} - bu qayta ishlangan tasvirdagi gradatsiyalar soni.
Noravshan orttirma tushunchasini aniqlashtirish uchun biz noravshan
to‘plamlar nazariyasi doirasida ‘“kichik™ sifat tushunchasini kiritamiz. Ushbu
tushuncha kichik ragamlarning, @ = —4,, b = 0, ¢ = 4,4, noravshan to‘plamlariga

mos keladi, ya'ni: [
_ (b, mpu xe[—A,, .., AL;
#elx,4q) = {o, npu x € [—Ag, o, Ag]
Bu erda b = (1 — |x|)/A,, A, (A; > 0) — ma’lum bir kichik raqamlar to‘plamini
tavsiflovchi moslashish parametri.
Katta orttirma sifat tushunchasining tegishlilik funksiyasini quyidagi formula
asosida aniqlash mumkin:
us(x) =1 — pp(x,4q).

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 qoidalar qo‘llaniladi. Orttirmalar sakkiz yo‘nalishda aniglanadi, masalan,
birinchi yo‘nalishdagi noravshan orttirmani hisoblash uchun, ya’ni

A(wv)=Iu-1v-1)—-I(yv)
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formuladan foydalaniladi.
I(u, v) piksel uchun noravshan orttirmalar giymatlarini hisoblash uchun birinchi
yo*‘nalishda quyidagi qoidadan foydalanish mumkin:

Agar (P (u,v) = 0.8), u xolda 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:

Pr(w,v) = py1 (w, ) A pyo(u, v) A py3(u, v),

(@ v) =, W) Ap, (u—-1,v+1),

p2(@v) =, W) Ap (u+1,v-1),

uzs(u,v) = (u—1Lv+ DA u+1,v-1),
bu erda P, (u,v) =

1, agar d,(u,v) — Kichik, 0.8dan kam bo‘Imagan ishonch bilan;
{G, 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.
Boshqga yo‘nalishlar uchun noravshan predikatning qiymati ham xuddi shunday
hisoblanadi. Barcha qoidalar P;,P,,..., Pgbarcha yo‘nalishlarda orttirmani
hisoblash uchun ishlatiladi.

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

-1, agar 3l,(u,v) < ry;
R(Ip(wv)) =4 0, agar r, <3ly(u,v) < 1y;
1, agar dly(u,v) > 1,
bu erda 7,45 - qaror gabul qilish qoidasining parametrlari; dl,(u,v)—- &
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 tegishli piksel yo‘qligini ko'rsatadi. Agar R4 = 0 bo‘lsa, bu o‘rttirmaning
giymati kontur chizig’iga qaysi piksellar tegishli ekanligini aniglashga imkon
bermaydi. Bunday holda, kontur chizig’ini belgilashda bo‘shliglar paydo bo‘lishi
mumkin. Agar Ry =1 bo‘lsa , u holda bu piksel k£ yo‘nalishga nisbatan
perpendikulyar yo‘nalishda konturga tegishli bo‘ladi.

Ushbu algoritmlar tasvirlardagi kontur chiziglarini ta’kidlash uchun
mo‘ljallangan va bu algoritmlaming har biri parametrlar to‘plami # (¥ =
(kw, ki, Ag, {A;3, 71,7%)) bilan belgilanadi.Ushbu parametrlarning qgiymatlarini
o‘zgartirish (aniglash) orqali turli xil shovqin va xalaqitlar sharoitida tasvirlarning
kontur chiziglarini ajratish mumkin. Ko'rib chigilgan algoritmlar doirasida eng
yaxshi algoritmni aniqlash # parametrlar maydonida amalga oshiriladi.

4 2-paragrafda kontur chiziqlarini, xususan, tasvirdagi obyektlarni
chegaralovchi noravshan chiziglarni ajratish vazifasining o‘ziga xos xususiyatlarini

24



hisobga oladigan maxsus yondashuv taklif etilgan. Taklif etilgan yondashuv asosida
tasvirdagi obyektning chegara kontur chiziqlarini ajratib ko‘rsatish uchun noravshan
to‘plamlar nazariyasi tushunchalari asosida algoritmlarning maxsus sinfi ishlab
chigilgan. Uning asosiy g’oyasi berilgan tasvirning har bir elementi uchun
noravshan orttirmalarni hisoblash va ularni tahlil qilishdir. 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 qiymatlarini aniqlashdir. Taklif etilayotgan algoritmlar
sinfidagi yakuniy qaror qo‘shimcha kiritilgan parametrning qiymatini tahlil gilish
asosida gabul gilinadi, ya'ni o‘zgartirilgan orttirma qiymatining hisoblangan
qiymatini chegara raqamlari bilan tagqoslash orqali.

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

Tasvir ko‘rinishida berilgan ragamlarining mumkin bo‘lgan tasvirlari to'plami
J berilgan bo‘lsin. Tasvirlar to‘plami J kesishmaydigan kichik / (sinf) K;, K, -+, K;
to‘plamlarga bo*lingan bo‘lsin. J bo'lish to‘liq aniglanmagan va ma’lum bir namuna
berilgan R™ (R™ c R bo‘lsin, u R™ = {Ry, -, Ri, -, Ry}, Ky = R™ 0 K;, CK) =
R'"‘\l'('j m tasvirlardan iborat bo‘lsin. Masala vagon raqamlarining asl giyofasini
tavsiflovchi va tanlangan belgilar asosida davlat ragamlarini tanib olish
muammosini hal qilishni 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 aniglash masalasi hal gilingan.

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‘lchovli c¢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 shakllantirish imkonini beradigan
operatorni qurishdan iboratdir. Diagnostik belgilar to‘plamini aniqlash
{Tui>+ Tuir-- 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 gilinadi.

Muammoni hal qgilishda ekinlar kasalliklarini aniqglovchi belgilar majmuini
shakllantirish muammosiga nostandart yondashuv o‘rganildi. Bunday holda, barg
tasvirlarining uch (ikki) o‘lchovli tuzilishi yuqori o‘Ichovli belgilarning bir o‘lchovli
maydoniga akslantiriladi. Har bir belgi tasvirning faqat ma’lum bir sohasini
belgilaydi. Dastlabki tasvirining har bir gismini tavsiflash uchun turli statistik
xarakteristikalar qo‘llaniladi.

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

5.1-paragrafda ma'lumotlarni qayta ishlashning deyarli barcha bosgichlarini -
dastlabki ishlov berish, tasvir sifatini oshirish, tasvirdagi obyektning konturlarini
ajratib ko‘rsatish, noravshan to‘plamlar tushinchalari bo‘yicha segmentatsiyalash,
tasvir obyektlarini tanib olishni o‘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
chigilgan dasturiy majmuaning tarkibi va tuzilishi muhokama qilinadi. Funksional
toliglikni ta’minlash uchun dasturiy ta’minot to‘plami, shuningdek, tasvirni
aniglash va tasniflash muammolari yechimlarini ifodalovchi tanigli algoritmlarni
amalga oshiradigan dasturiy modullami o‘z ichiga oladi.

5.3-paragrafda haqiqiy 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 chiqqan holda tasviring
ba’zi bir jinsli sohalarini ajratish kerak. Tasvirni oldindan qayta ishlash bosgichlari
chetlanishlarning tanib olish jarayoniga ta’sirini kamaytirish imkonini yaratadi.

5.4-paragraf raqamli tasvirlarni tahlil gilish 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 chiqilgan algoritmlar
hisoblash samaradorligini ko‘rsatdi va rangli tasvirlarni qayta ishlashning mavjud
usullariga qo‘shimcha bo‘lib, transport vositalarining raqamlarini aniqlash,
mahsulot sifatini tahlil qilish, o‘simliklar kasalliklarini tashxislash, o‘rmon
yong’inlarini aniqlash va suv bosgan hududlarni aniglash bilan bog’liq
muammolarni tasvirlarini o‘rganishga asoslangan holda hal qilish uchun ishlatilishi
mumkin.

5.5-paragrafda O‘zbekistonning ikki viloyatida tutun va yong’inni tanib
olishning real muammosini hal gilishda tasvirni qayta ishlash va tahlil gilish 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 vaqt rejimida kompyuterda qayta ishlash va
dinamik obyektlarni ajratib olish algoritmlari natijalarini joriy etish quyidagi:

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

o 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
qgisqartirish, buning natijasida tutun yoki olov bilan yong’inni aniqlash va uni
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qayta ishlash vaqti 2 baravargacha qgisqartirish va favqulodda vaziyatga tezkor
javob berish vaqtiga ijobiy ta’sir gilish imkoniyatlarini bergan.

XULOSA

“Noravshan to‘plamlar nazariyasi asosida tasvirlarni qayta ishlash va tahlil
qilish algoritmlari va dasturiy ta’minotini yaratish” mavzusidagi dissertatsiya
tadqiqotining 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 yondashuvlarni qo‘llash sohalari tahlil qilingan
va tizimlashtirilgan. Ragamli tasvirni qayta ishlash usullarini tahlil gilish va tasvirni
qayta ishlash va tahlil qilish jarayoniga noravshan to‘plamlar nazariyasi
yondashuvlarini joriy etish sifatning yaxshilanishi bilan tasdiglangan va
dissertatsiyaning asosiy yo‘nalishini aniqlash imkonini berdi.

2. Raqamli 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. Birogq, bu wusullar hisoblash
jarayonlarinig murakkabligi tufayli tasvirni qayta ishlashning amaliy muammolarini
hal qilishda keng qo‘llanilmagan.

3. Tadgiqot maqsadi aniqglangan va noravshan to‘plamlar apparati
yordamida tasvirni qayta 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 tasvirni
segmentatsiyalash.

4. Noravshan to‘plamlar nazariyasi apparati yordamida tasvirlarni oldindan
qayta ishlash uchun yondashuv ishlab chigilgan. Tasvirlarni oldindan qayta ishlash
belgilar fazosini shakllantirishni oz 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 chigilayotgan
tasvirning har bir pikseli atributining tavsifini yaratishdir. Ishlab chigilgan algoritm
rangli tasvirlarni segmentlarga bo‘lishning mavjud usullariga qo‘shimcha bo‘lib,
ularning tasvirlari orqali transport vositalarining davlat ragamlarini aniqlash,
mahsulot sifatini tahlil gilish, o‘simlik kasalliklari diagnostikasi, o‘rmon
yong’inlarini aniqlash va tadqiqot asosida suv toshqini maydonini aniglash bilan
bog’liq muammolarni hal gilish uchun ishlatilishi mumkin.

6. Bir gator 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 belgilami ajratish uchun mo‘ljatlangan. Ushbu model birlamchi
tasvirning har bir sohasi uchun turli statistik xususiyatlarni hisoblashga asoslangan.
Tavsiya etilgan vagon raqamlarini aniglash modelidan foydalangan holda sinov
tajribalari ushbu muammoni hal gilishning boshqa yondashuvlariga nisbatan yuqori
natijalarni ko‘rsatdi.

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

Natijalarning amaliy ahamiyati shundaki, ishlab chiqilgan algoritmlar va
matematik dasturiy ta’minot asosida tasvimi qayta ishlash ko‘lami va
imkoniyatlarini kengaytiruvchi import o‘mini bosuvchi dasturiy ta’minot yaratilgan.

9. Dastlabki ma’lumotlarni noravshan tasvirlash sharoitida tasvimi qayta
ishlash va tahlil gilish uchun tavsiya etilgan algoritmlar va dasturiy ta’minot
quyidagi amaliy masalalarni hal gilishda kerakli samaradorlik tartibini ko‘rsatdi: a)
barg tasvirlaridan bug’doy zangi kasalligini diagnostikasi; b) temir yo°l
vagonlarining raqamlarini tanib olish; v) avtomobil ragamlarini tanib olish.

10. 0‘zbeki§ton Respublikasi Favqulodda vaziyatlar vazirligining tarkibiy
bo‘linmalarida kontur tahlili va ular asosida ishlab chiqilgan dasturiy ta’minotdan
foydalangan holda videotasvirlarni real vaqt rejimida kompyuterda qayta ishlash va
dinamik obyektlarni ajratib olish algoritmlari natijalarini joriy etish quyidagi:

¢ bulutlar, qushlar, chang shakilanishi va boshqalar kabi noto'g'ri signallarni
filtrlash. Bunda, tutun va yong'inning dinamik va strukturaviy
xususiyatlari, shuningdek yorginlik shkalasi asosida aniglash;

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

e real vaqt rejimida bitta kadmi gayta ishlash vaqtini 2 baravargacha
qisqartirish, buning natijasida tutun yoki olov bilan yong’inni aniglash va
uni qayta ishlash vaqti 2 baravargacha gisqartirish va favqulodda vaziyatga
tezkor javob berish vagqtiga ijobiy ta’sir qilish imkoniyatlarini bergan.
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BBEJEHHE (auBoranus auccepranmun joxropa mayk (DSc))

AKTyanbHOCTH H BOCTpeGOBaHHOCTL TeMbl Anccepraumn. B wmupe
6osbIIOE BHHMAHHE YAE/AETCS COBEPILIEHCTBOBAHHIO, Pa3spaboTke H BHEAPEHHIO
nu¢ppoBoii  00paboTku H306paxkeHUH, aHAIH3Yy, BBIIENEHHIO OOBEKTOB Ha
M300paXKEHHAX, METOJIaM H AINTOPUTMAaM pacnio3HaBaHHs H306pakennii. [Tocnenaue
JOCTHXEHHA B 3TOH 00JacTH H yCOBEpINEHCTBOBAaHASA AJITOPHTMOB 00paGoTKHM
H300paxeHHH NO3BOJHIH Pa3paboTaTh KOMIbIOTEPHbIE AHAUTHTHYECKHE NOAXOABI K
uaeHTHQuKkanuA. Xora B oOnacty aHamu3a H300paxeHHdi ObUIO mpOBeIECHO
MHOXECTBO HCCJICIOBAaHHH, OHH B OCHOBHOM OBUIH COCPEAOTOYEHh! HA aHann3e
HEYEeTKUX JaHHbIX, M BO MHOTHX HCC/IEJOBaHHAX HEYETKHX 3JEMEHTOB
n300pakeHHH HE aHAIM3HPOBAIMCH STansl 00paboTKM H300pakeHHH Ha OCHOBe
TEOPHH HEYETKHX MHOXECTB, CETMEHTaIlUA, BblIE/ICHHE CHMBOJ/IOB, KJIACCH(HKALHA
d pacmo3HaBaHHe H300paxKeHWH NpAaKTHYECKH HE paccMaTpuBainch. B sTOM
HANpaBJIE€HHH OCHOBHBIMH  334a4YaMH  aHaIu3a H300paxeHH#  ABIAIOTCA
K1accHHKalMA, pacno3HaBaHHE, pa3paboTKa METO10B H AIMTOPHTMOB ONpEAE/ICHUs
3aKOHOMEDHOCTEH Ha OCHOBE TEOPDHH HEYETKHX MHOXECTB M CO3JAaHHe
OPHIOKEHHH.

Ha ceroansumnid AeHP NPOBOAATCA HAayYHBIC HCCIIEJOBAHHS, HAIIPaBJICHHbIE
Ha aHalIH3 H300paKeHHH, HX 06paboTKy, GopMHpOBaHHE OOBLEKTOB H HX CHMBOJIOB
Ha M300paXK€HHH, COBEPIICHCTBOBAHHE MCTO/IOB H AJMOPHTMOB PAaclO3HABAHMA,
pa3paboTKy H co3jaHME anrOPpUTMOB BHEIYHCIECHHH. B CBA3H C 3THM OxHOH U3
BKHBIX 33734 ABIAETCA HOPMATH3alUA KOHTPACTHOCTH H300pa)KEHHS Ha OCHOBE
97IEMEHTOB TEOPHH HEYETKHX MHOXKECTB, yCTpaHeHHe AedeKToB H306pakeHHs,
BblJIeJICHHE KOHTYPOB OOBEKTOB H CerMeHTamvs H300paxeHHs, paspaborka H
COBEPILICHCTBOBAHHE AITOPHTMOB  PAacllo3HaBaHHA OOBEKTOB H300pakeHHS,
CO3JaHAC aBTOMATU3HPOBAHHBIX CHCTEM.

B uemix yCKOpeHHs HHTErpaidd B MHpPOBOe HH(pOpDMAOUOHHOE
NPOCTPaHCTBO B Hailied pecryOnnke peanu3oBaHhl KOMILUIEKCHEIE MEpHl 110
pa3paboTke coBpeMeHHbIX H(PPOBBIX TEXHOJIOTHH, B TOM 4YHCJIE MOJe/eH, METOAOB
H aIropuTMOB, o0ecneudBalomux TpeOyeMbli ypoBeHb TOYHOCTH B
HHTENEKTYaNbHbIX CUCTEMaX HOJAEPKKH OPHHATHA pEIlCHHH, H JOCTHTalOTCA
onpejenesHsie pesynpTaTsl. OnpeseneHb! BaXHEHDIHE 33a4H MO BLINOJHEHHIO
C/ieIOLIMX NOPYYEHHH: «... pa3BHTHE TEXHONOIHH HCKYCCTBEHHOTO HHTEJLIEKTA B
OTpacifx 3KOHOMHMKA A  COLHaIbHOH cdepe, B CHCTEME IOCYAApCTBEHHOrO
yOPABJEHHS...; LIMPOKOE HCTI0AB30BAHHE TEXHOJIOTHI HCKYCCTBEHHOTO HHTEILIEKTa
JUIA TIOBBIICHHS Ka4yecTBAa rOCYJapCTBEHHBX YCJIYI' B HHTEpecax HaceleHHs, a
TaKKe NOBHULICHHA 3PEKTUBHOCTH roCYAAPCTBEHHBIX OpPraHoB mpH o0paboTke
JaHHBIX; NpoBeJeHHE PYHAAMEHTANBHbIX H NPHKIAAHBIX HAYYHBIX HCCIEAOBAHHIH
0o pa3paboTke MONE3HBIX TEXHOJOTHYECKHX PEMEHHH # CO3JaHMIO JIOKAILHOMH
IKOCHCTEMBI HHHOBAIIHOHHBIX pa3paboToK B 06J1aCTH HCKYCCTBEHHOTO HHTEJUIEKTA,
cnocoOCTByoLIel HX JaibHeifine#l KOMMEpHHAIH3alHH; CO3AaHHE YCJIOBHH Auis
ACNONb30BaHHsA UUQPOBBIX JAaHHBIX JyUlA pa3spabOTYHKOB OPOrpaMMHOro
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ofecredeHUs ¢ HCHOONMB30BAHAEM TEXHONOIHH MCKYCCTBEHHOTO WHTEIUIEKTA...» .
IIpH peaym3anun 3THX 3a7aq, B TOM YHCIe, IPH PemIeHAA Npo06ieM, CBA3aBHKIX C
HHTEUICKTYaNbHEIM aHaNK30M JaHHBX C HCHOJIL30BaHMEM W300pakeHHi, 1
obecnedABaHHs BEICOKOU TOYHOCTH KOREYHOTO pe3yJibTaTa Beé Gobiee 3HaUCHHE
nprobperaeT paspaboTka Mogesneil, METOJIOB, AITOPHTMHYECKAX H POrPaMMHBIX
CpPEJICTB, OCHOBARHLIX Ha DJIEMEHTAX TEOPHH HEYETKAX MHOXECTB JUIA pEmMeHHs
3amaqY o6paGoTku W300pakeAMii M TOBBIIEHHA WX KadecTBAa, BEHIICICHHA
KOHTYPHHIX IHHMH Ha H300paXkKeHMH M CETMEHTAMH H300pakeHuit.

Ilpn BHMONHEHMH 3ana4, NPeXyCMOTPEeHHEIX YkaszamH [lpesuaenta
Pecny6mikn V36ekncran NeVII-4947 «O Crparernu AeHcTBHif o AamsHEHINEMy
passuTHIO Pecry6miku Y36exkncran» ot 7 ¢espans 2017 ropa m NeVI1-5349 «O
Mepax IO JjanbHelfllieMy COBEpLIEHCTBOBaHHIO cepsl HHPOPMAHOHHBIX
TexHoNorui A KoMMyHHKauui» ot 19 despans 2018 roga, [NocraHoBIEHHAMU
TIpesunenta PecnyGmuxu V3Gexucran Nelll1-3245 «O mepax mo janbHeimeMy
COBEpIICHCTBOBAHAIO CHCTEMH! YIIPaBJICHHS MpoeKTaMH B chepe HHPopMaIHORHO-
KOMMYHHAKAITHOHHEIX TEXHONOrHi» oT 29 aBrycta 2017 roxa, NeIll1-4276 «O6
OpraHM3alEOHHEIX MEpax Mo JaTbHEHeMy COBEpPINCHCTBOBAHHIO NEATEILHOCTH
TIOApa3Ae/cHHH M0 Upe3BHYaiiHEIM cHTyarmsM» oT 10 anpens 2019 roxa u NelTI1-
4996 «O Mepax no CO3NaHHIO YCIOBHI A YCKOPEHHOTO BHEIPEHHUA TEXHOJIOTA
MCKYCCTBEHHOro parteiuiekta» ot 17 deBpans 2021 roga, a Takke JpyrumMH
HOPMAaTHBHO-IIPaBOBRIMH  IOKyMEHTaMHM, ODHHATHIMH B JaHHOH cdepe B
onpeae/iecHHOH CTENEHN CITYXHT HacToANiee AUCCEPTALHOHHOE HCCIICA0OBAANE.

CoOTBEeTCTBHE HCCIEAOBAHAS NPHOPHTETHLIM HATIPABJICHAAM PA3IBHTHY
HAyKH H TexHojiormd pecnybumxm. JlanHoe HcCIENOBaHHE BRUIOJNHEHO B
COOTBETCTBAH C TIPUOPHTETHHIM HalNpaBlIcHMEM pa3BHTHA HayKH H TEXHONOrmH
Pecrry6makm Y36exucrad IV. «Pa3suTHe wAdopMaTH3anuM H HHpOpMaNHOHHO-
KOMMYHHKALHOBHBIX TEXHOJIOTHI».

O630p 3apyGexHbIX HAYIHLIX HCCICAOBAHHE N0 TeMe JHCCEpTammEn’.
Hayunsie HcclieJoBaHHS MO NMPHMEHEHMIO CPEACTB «MATKHX BRIYHCICHHN», MO
pa3paboTke ajropHTMOB 00paGoTKR W300pakeHHH M pacrno3HaBaHHA OOBLEKTOB
nposomwmck B  KanmdopHwiickom  yHuBepcutere, MaccadyceTckoM
TEXHONOTHYECKOM HHCTHTYTe, akaiemhaH Microsoft, HccnenoBarensckoM HEHTP
Oracle (CIIA); KmorckoM yHWBepcHTETe, TOKHHCKOM TEXHOJIOTHIECCKOM
yHuBepcaTere (Snonus); VhuBepcurere HMiuxa, CeyibCKOM HalHOHATHHOM
YHHBEpCATeTE HaykW M TexHonormii, YrmBepcutere Mpuyo (1OxHas Kopes);
Texnonormaeckom yHmBepcutere CesepHoro Kwuras (KHP); MockoBckoM

’HmnmmﬂpaumPecnyﬁmanﬁemmM’ﬂ]—4996 «O Mepax 0o COINAHRIO YCIOBHI s
0 BHEAD Y ° Ta» ot 17 pempans 2021 roaa.

‘Oﬁsop-y-mux ammif mo TeME na

t@numad@s_m AW, mmmgﬁqu@:m@mmysmwym 24,
htip:/4 tdoci ;824819
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rOCYJapCTBEHHOM TEXHHYECKOM YHHBEPCHTETE, MOCKOBCKOM FOCYA3apCTBEHHOM
ynusepcurere  MM. M.B.JloMonocoBa, BriunmciMrespHoM uneHtpe PAH,
HoBochbupckoM rocyaapctBeHHoM yHHBepcHrere (Poccus); BapuasckoM
TEXHOJIOrH4eckoM yHHsepcurere ([losbia).

B nccnenoBaHnax no paspaboTke (COBEpUICHCTBOBAHHIO ) HOBOTO IIOKOJICHAA
aIrOpHTMOB 06pabOTKH H pacno3HaBannsa H300paXeHUH Ha OCHOBE COBPEMEHHBIX
MHPOBBIX TEXHOJIOTHH MOJyYEHbI CiiefyIOIIHe HayyHbi€ HHHOBAMMH: OCHOBAHO
coxpamense Ha 10-15% omuGkn B aHanuse AaHHBIX M Ki1accHpUKanun
H300paKeHHH 33 CYeT COBEPLICHCTBOBAHHA CHUCTEM aHAIM33a AAHHBIX HAa OCHOBE
HeHpoceTeBBIX TexHonorui (MaccauyceTckuif TeXHOJOMMYECKMH HHCTHATYT,
akagemus Microsoft, HccnegoBarensckuit uentp Oracle; MockoBckuii
FOCY/JAapCTBEHHBIH TEXHHYECKHH yHHBEpCHTET, BriuucanTensHbili nestp PAH,
VuuBepcuter HMuxa, Ceyjbckuii HauHOHAIbHBIH YHUBEDCHTET HAayKH H
TexHojioruii, YHuBepcuter HHY0); CHH)KeHHE OIINOKH KlacCHPHKAUHH C
NIOMOMIBIO CPEICTB «MATKHX BBIYHCIECHHI» OCHOBAHO H2 YBEJIMYECHHH CKOPOCTH
Pacrno3HaBaHHA 3a CHET YMEHLIICHHA NPH3HAKOB, ONHCHBAIOMMX 0ObEKT Ha 20-
25% (Texnonoruyecknd yHusepcurer CesepHoro Kuras, Kamudophuickuii
yHHBepcHTeT, Cey/bCKHH HALlHOHAIBHBIH YHHBEDCHTET HAayKH H TEXHOJIOrHH,
HoBocubHpckuii rocyaapcTBeHHbIH Y HUBEPCHTET).

Hayunpie uMccnenosaHMa 0o  npoGieMaM, BO3HHKAIOIMM  OPH
HHTEIJUIEKTY AJIbHOM aHalH3€ JaHHGHIX B [IPHOPHTETHOM NOPAJKE B MUpPE BeAYTCA 11O
CIEXYIOIHM HaNpaBleHHAM: paspaborka HHCTpyMeHTOB «Soft Computing» ans
HHTE/UIEKTYQJIbHOTO  AaH&JIM3a  JAHHLIX,  pacllHPEeHHEe  BO3MOXHOCTEH
AHAIHTHYECKHX  HHCTPYMEHTOB, HalpaBlEHHBIX  HAa  MMHHMH3ALHMIO
aNbTEPHATHBHBIX OIINOGOK AN NOJAEP)KKH NMPHHATHA yNpPaRIEHYECKUX peIlieHHM
DpH yBeJHYEeHMH obObema oGpabarthiBaeMOii HHQODMAlIHBE M XapaKTEPHCTHK €€
9JIEMEHTOB, a TaKXe, COBEPILICHCTBOBAHAE METOJOB H AIIOPHTMOB aHAIH3a
n300paxeHHii B pacno3HaBaHusA 00pa3oB ¥ MPOBOJAMTCA Psifi HCCJAEZOBAaHHUM MO
CO3/JaHHIO HOBhIX ClleyOLIMX NPHOPATETHHIX HaNpaBeHuii: pa3paboTka METOA0B
H aITOPHTMOB, PabOTAlOIMX Ha BeCbMa OrpPaHWYEHHOM O0OBEeME HCXOAHOMH
nHGopManal H 00ecreYHBAIOIHX HHTEIUIEKTYAILHOCTh CHCTEM paclO3HaBaHUA,
pa3paboTka METOAOB ¥ AINOPUTMOB PAaclo3HaBaHHA B IPOCTPAHCTBE OOMbmIAX
mpU3HaKoB; obecneyeHHe KOMIUIEKCHOU o6paboTku mocrynaroweii HHopmanuy,
CO3JaHHE TAKMX CHCTEM, KaK CHCTEMbI CEIMEHTALMH H PACHO3HABAHHA DEYH,
TeKCTa, H300pakeHHii H PpaclO3HaBaHHA C HCOONb3OBAHHEM (MATKHX»
BBIYHCIIHTE/TbHBIX TEXHOIOTHH.

CrenmeHbh mM3y9eHHOCTH mpobaembi. B pesyinsrare pasBepHyThIX
IMPOKOMAcLITaOHBIX HCCIENOBaHUH [0 pa3paboTke CHCTEM HHTEJUIEKTYAIBHOIO
aHanH3a JaHHBIX, a Taoke o0paboTkH. aHanM3a ¥ pacnio3HaBaHHs H300paxeHAH
HOJNy9YeHbl 3HAYMMBIE TEOPDETHYECKHE H IMPAKTAYECKUE pe3yJbTaThl. PemeHHIo
Opo0bneMsl aHATA3A B Pacno3HaBaHHA H300pakeHHH DocBAlIEAR paboThl MHOTHX
3apybexsblx  y4eHblx, Takux kak [l.bamnapa, E.Jl»smc, P.Joncanec,
I0.U.Xypasnes, B.A.Coiidep, XK.Cepp, OdMapp, A Jlemncrep, I'Illladep,
MlIlasens, IO.IIL IleiteB, A.A.@ypman, JLI1SIpocnaBckaii m ap. Becombie
Pe3yNbTaThl 1O CO3A3HHIO TEOPETHUYECKHX OCHOB NMOCTPOCHHS H HCCJEAOBAaHAN
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CHCTEM YMpaBlieHUSA ¥ aHAIW3a NaHHHEIX B PasNMYHLIX chepax ¢ NMpHMEHEHHEM
TIO/IXOZOB HEUETKAX MHOXECTB, CUCTEM HHTEIEKTYaJIbHOro aHanm3a i o6paboTku
HH(OpMAlHA, CHCTEM NPHHATHA PEHICHHH MOJYYEHH BEAYIIHMH MHPOBLIMA
yuenrvMH J1.3ane, P Srep, A Koddman, XK Kmup, E.A Mamaauu, Tepano, Cyreno,
Acau, A.H.Aepxun, A.H.Bopmcos, J.A.llocnenos, P.A.Amues, ®.Xepep,
T.®yxyno, Y.Kapp, MJlo3aro, M.Cakaga, O.Kopaon, X.Kacwinac, ©.Xoddman,
P S1ar, B.Kpyrnos, A.Porarreiin, C.11IT0o6 u ap.

CrnemyeT OTMETHTh Pe3YNIBTATH UCCHIEJOBAHUI B 3TOi 06JaCTH CNEAYIOUHX
y3bekcikux yuénsix: MMXKammnosa, T.®Bexmyparoa, II1.X.Da3kuoBa,
PXXamnamona, JI.T.Myxamenuesoit, H.A.HWrmateesa, H.C.MamatoBa,
H.Mnp3aepa.

B pesynsrate 3THX HCCIEAOBAaHMH MOMENHM, METOAB H AITOPHTMEI,
pa3zpaboTaHHBIe JNIA MHTEIUIEKTYaNbHbIX CHCTEM MOMIEPXKA NPUHATHA pelleHMiA,
HCMONB3YIOTCA AN PElICHHS NMPaKTAYECKHX 3a/1ad BO MHOTHX 00JacTsX, IAe 3TH
Npo0JieMBl  CYIIECTBYIOT, NpPH 3TOM XOTA JOCTHTHYTH  ONpeJCICHHBIC
TIOJIOXATENBHEIE Pe3yIbTaTH, HO ACCIEN0BaHHS 0O pa3paboTke U MPUMEHEHHIO Ha
IpakTHKe Mojeiel, METOJOB, AITOPHTMOB, OCHOBaBHEIX Ha TEOPHH HEYETKHX
MHOXECTB, IIPH pEIIEHHA 32aJ]a4, CBA3aHHBIX C HMHTEJUICKTYAILHBIM aHAJIH30M
NMEepBAYHBIX JAHHBIX, NpEJCTaBlIEHHRX B BHOe H300paxkeHH#, ocraloTcA
aKTyaJbHRIMH NpoOlieMaMH, Ha KOTOpHEe HEOOXOAMMO YAENATh OTACIBHOE
BHAMAaHAE.

CeE3b [HCCEPTANMOHHOIO HCCHCAOBAHHE ¢ IUIAHAMH HAYYHO-
HCCJIEAOBATENLCKHEX palor Bhicmeroe y4eGHOro 3aBelicHHH, Ii¢ BbINOJNHEHA
mEcceprammd. JlHcceprallHOHHOE ACCHIEIOBAHWE BHIIONHEHO B COOTBETCTBHH C
Hay9YHO-HCCIIEOBATENECKHM MTaHOM J[KH3aKCKOTO MOTHTEXHHIECKOT0 HACTHTYTa
B paMKaX NpPAKIAAHOrO MPOEKTa Ha TeMy: A-5-19 «PaspaboTka anropaTMoB H
nporpaMMHOro obecnedeHus 00paGoTki H aHamA3a H300pakeHHM Ha OCHOBE
TEOPHA HEYETKHX MHOKECTBY.

Ilembio HccxexoBaHmMS ABIAETCA pa3paboTka HeYeTKHX Mogened H
aJINTOPHTMOB, a Takke NPOrpaMMHOro obecredeHns aHamH3a H300pakenuil.

JUis RoCTHXKEHHA e MOCTABIEHH! CICAYIOIHAE 3aa4YH HCCICI0BAHAN:

H3yYMTh W  TNPOAHATU3APOBATH  COCTOSHME  HCCIEAOBaHAi MO
TIPOEKTEPOBAHHIO CHCTEM 00pabOTKA B aHATH32 H300paXKeH H;

HCCIIEJIOBATH HayIHO-METOHOIOTHIECKHE OCHOBH pa3paborkn
MaTeMaTH4eCcKOro ariiapara aHa/iA3a A kilaccHrKkalmn n306paxennii B yCIOBHAX
HEYETKOCTH;

chopMyIHpPOBaTh MaTEeMaTHYeCKyl0 IIOCTaHOBKY 3aladd  pa3paboTkm
aNbTEPHATHBHEIX TOAXOOB JUTA NOJUIEPKKY NPHAATHA PEMICHAN B PaCHO3HAIONIHX
CBCTeMax;

pa3paboTaTte anrOpHTM M NPOTPaMMHBIE MOAYNB JId  YJIY4YIICHHA
H306paxkeHnii c IpHMEHEeAREM NOAX010B HEYETKHX MHOXKECTB;

peaH30BaTh ANTOPHTM A NPOrpaMMHEI MOIYJIb JUTIA BhIJIEJICHAA KOHTYPHBIX
JHR# H300paXxeRnil c NpHMEHEBHEM NOAX0A0B HEYETKHX MHOXECTB;

pa3paboTaTh AIrOpPHTM W IPOTPaMMHEI MOJYJTb CETMEHTAaHA H300paxkeH it
Ha OCHOBE HEYETKHX MHOXKECTB;
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BHEADHTh pa3pa0OTaHHRIE MOXENH, METOABL, ANTOPHTMHMYECKHE M
IporpaMMHEIe CpeAcTBa 0OpaGOTKH, aHAIM3a M pacno3HaBaHHs H300paxenmit B
peaIbHBIX CHCTEMaX NMPHHATHA pelleHMH, MPOBECTH COMOCTABHTENBHEIN aHanA3
MOJy9eHHRIX Pe3yJbTaToB H ONPENeTHTh 3 deKkTHBHOCTH paspaboTok.

O6bexToM  MccileoBaEMd  ABIMOTCA  HHGPOBEIE  H300pakeHAS,
TIONTYYEHHEIE Pa3IHYHEIMH CPEACTBAMA BH3YaTH3allHA H300paXceHNii.

IIpenMeToM HCCJICNOBAHAS SBIAIOTCH MOZENH, METOXR H AITOPHTMEI
obpaborkn M aHauM3a H300paKeHHIT Ha OCHOBE HEHETKO-MHOXECTBEHHOIO
noaxosa.

Meroanl Hccaenopanmii. B gHccepTamME  HCMONB3OBAaHBL  METOHRI
HHTEJUIEKTYalbHOrO aHanyu3a JaHHBIX, TeOPHH HEYETKHX MHOXKECTB, TEOpUH
BEPOATHOCTElf HW  MaTeMaTHW4YecKkodf  CTaTHCTHKH, 9KCIOEPTHBHIX  OLCHOK,
pacro3HaBaHns 06pa30B ¥ 06paboTKH H306paKEHHIA.

Hay4Ynad HOBH3HA HCCJIEI0BAHNI 3aKNOYaETCA B CIEAYIOLIEM:

YCOBEpIIEHCTBOBaHA aNaNTHBHAs U YCTOHYABag MaTeMaTHdecKad MOZeNb
yMeHbIIEHRAS HeolpeAeleHHocTel, BCTpeYaromuxcs Ha HH(POBLIX H306pakeHAIX,
Ha OCHOBE HHTYHTHBHOTO HEYETKOTO MHOXKECTBA;

pa3pafoTaH MeToJ HEYETKOro MOAXOXA CETMEHTALMH H300pakeHMit Ha
OCHOBE TIPaBHI TMOMAEPXXKH NPHHATHA pEllCHHN C y4eTOM CBONCTB MeETO/OB
KJlacTepH3aigm;

paspaboTaH aJropuTM CHHXEHHS ITYMOB, C YYETOM HX THOOB, HA OCHOBE
TOAXOOB CTIIaXHBAaHAA JIOKAIBHRIX YYacTKOB, CYIIECTBEHHO HE MEHAIOITAX 1{BETA;

paspaboTan HedeTKHWil aNTOpPHTM BHJCICHAS KOHTYPHBIX IHHEHA @O
pesyJIbTaTaM aHanA3a HeYETKHX TPHpAImennii ¢ y9eTOM APKOCTH H300pakKeHHs;

pa3paboTaH aJTOPHTM MATKON CErMEHTAllHH C YYETOM CBOMCTB H
XapaKTEPACTHK (QYHKIMI MPHHAINIEXHOCTH Ha OCHOBE HEHETKHX CETMEHTOB M HX
H3MEHEHHH.

IIpaKTAYecKAe Pe3yabTaThl HCCJIEAOBAHAN 32KUTIOYAIOTCA B CIIEAYIOUIEM:

Ha OCHOBE MIKAIGI JAAHAMWYECKHX H CTPYKTYPHBIX XapaKTE€pHCTHK
pa3paboTaH aNropHT™ (GHIBTPALHH IIyMa HA A300PXCHHH;

Ha OCHOBE PEalbHRIX BHAEOMATepHaNoB obecnedeHa BO3SMOXHOCTh BEACHHS
MOHHUTOPHHTA NOXapHOii 06CTaHOBKA OTAEIBHBIX OOBEKTOB, B TOM YHCJIE B JIECHOMH
M CTENHOM 30HaX;

obecnedeHa BO3MOXHOCTh COKpAlICHHS BpeMEHH 00paboTkd kanpoB B
YCTpO#CTBE MpH 0OHAapyXeHAH ALIMA, OTHA H NMOXapa Ha ocHOBE 3(¢eKTHBHBIX
METONOB H aITOPHIMOB UH}poBoii 06paGoTkn BHAECOH300paXkeHU B pealbHOM
Macmrabe BpeMeHH;

paspabotan MaTeMaTHYeCKkHil anmapaT TEOPHM HEHYETKHX MHOXECTB A
uHdpoBoit 06paboTkE M300pakeHHH Ha OCHOBE HHTEIUIEKTYaNbHEIX CHCTEM
aHaTH3a JaHHBIX;

paspaoTraH MeTol BHIEICHHA KOHTYpoB OOBEKTOB H300paxkeHHs 1js
CO30aHMs ALTEPHATHBHBIX PEMIEHNH MOAXEPXKH NPHHATHA PEICHHIH;

000CHOBaHa TOYHOCTh BHIACNEHHS JIHHAMHYECKHX OOBCKTOB C IOMOIIBIO
ANTOPATMOB KOHTYPHOTO aHAJIH3a;
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pa3paboTaH aIrOpUTM HEYETKOH KJIACTEPH3ALMM CErMEHTAUHHA LBETHBIX
n300paskeHHH Ha OCHOBE METOJOB k-CPEHNX H C-CPeAHHX.

JIOCTOBEpHOCTE  pe3yIbTATOB  HCCHCAOBAHMS  TNOATBEPXKAAETCA
NpOBEJECHHEM MAaTEMAaTHYECKOrO MCCIEAOBAHUA IPEUIOKEHHBIX HNOAXOJ0B C
OPHMEHEHHEM TEOPHH HEYETKHX MHOXKECTB, PEKOMEHIOBaHHBIX MopeneH u
METOA0B 06pabOTKH H aHa/IH3a H300paskeHHH, HCIOL3y eMbIX TPH GOPMHPOBAHUH
IPTEPHATHB /Ui NOANEP)XKA NPHHATHA YNpaBRJleHYecKHX pemennd. B nemwix
OLlEHKH Ppe3yNbTaTOB HCCICAOBaHMH Ha HX JOCTOBEPHOCTh IPOBEAEHO
TeCTHPOBaHHE NPOrPaMMHOTO obecredeHHs, NPeAHa3HaYEeHHONO PEIeHHIO 33134
BBbIIENICHHSI KOHTYPOB O0BLEKTOB H CErMEHTALMK IIPH K1acCHPUKALHH 00HEKTOB.

HayyHas M npakTEvyecKas 3HAYHMOCTb Pe3yjbTATOB HCC/JIeXOBAHHS.
Hayysas 3HaYMMOCTh pE3Y/IBTaTOB HCCIEJOBaHHA OOBACHACTCA BHECEHHBIM
BKJIJIOM HAa OCHOBE pa3paGoTaHHBIX Mojejedi W AIrOpHTMOB [JIA CHCTEM
OOJIEPXKKH NPHHATHA PEIICHHH HA OCHOBE MoJelell, METONOB H AJITOPHTMOB
Ppacno3HaBaHHsA, 00ecre1HBalOIHX Ka4eCTBO H HAEXKHOCTh HHPPOBoi 00paborku
A Pacrno3HaBaHHA H300paxkeHHi B AajibHeillleM Pa3sBATHE TEOPETHYECKHX OCHOB
TEXHOJIOTHH NOCTPOCHHMS NPaBHII.

IlpakTHyeckas 3HAYHMOCTh pe3YNbTATOB HCCNENOBaHUN OOBACHAETCA
pa3spaboTKOH INpPEANOXKEHHBIX AIOPHTMOB H NPOrPaAMMHOIO KOMILIEKCA H
dopmupoBanneM €0Baps paGoOYMX CHMBOJIOB Pa3JIHYHBIX COBPEMEHHBIX CHCTEM
aHamm3a w3obpaxennil. IIpHMeHEHHE pPe3yJNbTATOB MCCNEAOBaHUSA MNO3BOJBET
COKpaTATh 3aTpaThl PECYPCOB Ha KJIAaCCHQHKAUMIO M pPacOo3HAaBaHHE MYTEM
onHcaHus OOBEKTOB, COOBITHH K NPOLECCOB [0 BAKHBIM IPH3HAKAM, a TaKXkKe
PAcro3HaBaTh CHMBOJTLI C 33aHHBIM Ka9eCTBOM H JJOCTOBEPHOCTHIO.

Baenpenne pe3ybTaToB Hec/legoBaHui. Ha ocHOBE METOOB, AITOPHTMOB
' NporpaMMHOro obecneyeHds, pa3paGoTaHHBIX [/ aHanu3a n3o6pakeHud Ha
OCHOBE TEOPHH HEYETKHX MHOXKECTB:

C y4eTroM BCTPEYAIOIIUX HEOAHO3HAYHOCTEH B HUPPOBHX H300paMeHHsX
JUIA COKpAILIEHHA HX Ha OCHOBE HHTYMTHBHOIO HEYETKOI0 MHOXKECTBA aJalNTHBHAS
H yCTOHYHBas MaTeMaTH4YeCKas MOAE/b H IPOrpaMMHOE o0ecreyeHHe BHEAPCHDI B
VnpasnednH no 4pe3BbaHHBIM cHTyauusMm ChipaapbuHCKO# obnactu (copaska
VnpaBneHHu MO 4pesBbMaHHBIM cuTyauusM CripaapeuHckoii obnactH ot 26
H0:6ps 2019 roaa). B pesyabrate obecneyeHo yBelHYEHHE CKOPOCTH BRIYHCIICHHI
aHan@3a u306paxKeHHi B 2 pasa;

METOJMKA HEYETKOro NOAXOAa CerMEHTalHMH W300paxenHHd Ha OCHOBe
KPHTEDHA NONIEPXKKH TNPHHATHA PpEIUEHHH C YYETOM CBOHCTB METOIOB
KIacTEpH3allMd BHEJPEHa B YNpaBIE€HHH TNO 4YPe3BHMAAHBIM CHTYalHAM
Camapkanjckoil obnacte (cmpaBka MHHHCTEPCTBa uepe3ByYalHBIX CHTYauHH
Pecny6nnku Y36exucran ot 29 Hosbps 2019 rona Ne2/4/24-3161). B pesyibrare
obecrieueHo H3BJIEUCHHE AMHAMHYECKHX 00BEKTOB H3 BHAeoH300paxenus Ha 85-
87% u yBenHYeHHE NPOH3BOIUTENHFHOCTA TPyAa Ha 10-15%;

AITOPETM H HOpOrpaMMHOE oObecriedeHHEe CHIDKEHHA IIyMa Ha OCHOBE
OOAXOA0B CIIKHBAHHA JIOKAILHBIX 00J1acTel, CyIEeCTBEHHO He MEHAIOLUIHX [BETA,
C YY€TOM THNOB IIyMa BHEAPEHbI B YNIPARJICHHH MO YPE3BBYaHHRIM CHTYalHAM
CamapkaHjckoif o6nactu (cnpaBka YOpaBieHUWH 1O YPE3BHIMAMHLIM CHTYA(AAM
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CamapkaHzcko#f obmacTi oT 22 HoaGps 2019 roma). B pesymnrare obecnegeHo
coKpallleHAe BpeMeHH 00HapyXXeHAs AKMa M oXkapa IO 2 pa3 Ha OCHOBE aHANTH3a
H300paxkennii;

HEYeTKHMH alropuTM M OporpaMMHOEe ofecrniedeHHE JUIA  BEICNICHHA
KOHTYPHBIX JIHHH Ha OCHOBE pe3y/NbTaTOB aHAM3a HEYETKHX NpHpalleHAH ¢
YYETOM APKOCTH H300paKeHHs BHEAPCHH B YINPaBIEHHH 0O 9pe3BbIYaifHBIM
catyanusM CripnapeuAckod obmacta (cnpaBka YINpaBJICHHH MO Ype3BhIYAMHBIM
cdatyanasM CeipaapbuHCKoH o6iacTH oT 26 HosaOGps 2019 roaa). B pesynsrare
ofecnedeHo yBe/lHUeAAEe CKOPOCTH BEIUMCIICHHH aHaIH3a W300paxkenni B 2-3 pasa;

ANTOPUTM H MpOrpaMMHoe obeclieueRne MATKOH CErMEHTamHH C Y4eToM
ocobeHHOCTe H cBoHcTB ¢yHKkUWH NPEHANNEKHOCTH Ha OCHOBE HEUETKOM
CerMEHTaUAH W MX H3MEHEHHsA BHEAPEHH B YMpaBlieHMH MO Ype3BHYAHHBIM
catyannsM CeipiapeHHCKOH ob6nactd (cnpaBka MuHHCTepcTBa uYepe3BYYaHHBIX
catyauuait Pecnmy6miku V36ekacran ot 29 Hoabpa 2019 roxa Ne2/4/24-3161). B
pe3ynbTaTe OOECledeHO yBeMWYEHHE H3BJICYCHUE AHHAMHYECKHX OOBLEKTOB B
BAZICOM300paXXEHHH B CpeliHeM Ha 85% M NOBHINEHHE MPOHIBOAMTEILHOCTA B
cpenaeM Ha 15%.

AnpoGanag pe3yibTaToB HccjaeaoBaHus. OCHOBHLIC (TeopeTHUECKHE R
NPAKTHYECKHE) Pe3yIbTaTH IWCCEPTAUMOHHOH paboTH OBUIM ROJIOXKEHB H
ofCykIeHn Ha 24 Hay4YHO-IIpaKTHYeCKHX KoHpepeHuuax, H3 HAEX 13
MexiyHapoaHsie ¥ 11 pecy6mikanckue CHMIO3HYMEBl H CEMHBApHI.

OuyGIMKoBAHHOCTD Pe3yJLTATOB HecieAoBaHANA. OCHOBRBIE PE3yIbTaTh
HCCIIEIOBAHHA OMyONHKOBaHK B 39 Hay4HHIX H3JaHHAX, B ToM 49HClIe B 1
moHOrpagpmn, B 11 XypHamax, pekOMEHAOBaHHKX Bricmelf aTTecTanHOHHOM
xoMHuccHeli PecmyOmuku Y30ekwcraH A MyONMKAOWH OCHOBHBIX Hay9HRIX
pe3yNbTaTOB HOKTOPCKHUX AHCCEPTAlMi, B TOM YHCIE B 5 3apy6exHBIX 6azax, B 6
pecnyOmKaHCKIX XKypHaIax.

Crpykrypa H 06bem anccepranmn. J{Hccepranyontas paboTa COCTOAT U3
BBE/ICHAA, NATH IJaB, 3aKJIIOYEHHA, CNHCKa HCOONIB3OBAHHON JHATEPaTYpHl H
NpANIOXeHHH. O0beM JHccepTalK cocTannseT 185 cTpannn.

OCHOBHOE COAEP)XXKAHHUE TUCCEPTAIIMHA

Bo BBegeHHH 060CHOBaHa aKTyalbHOCTH H BOCTPeOOBAaHHOCTH TEMEI
JHCCEPTALMH B COOTBETCTBAM ¢ PHOPHTETHRMHA HANpPaRNEHUAMM Pa3BHTHA HayKH
M TexHonornii PecmyOnmku V36ekmcraH, copMyIHpOBaHH LEIH W 3afauH
JIHCCEpTALHH, ONPeAENiCHH 00BbEKT H NPEAMET HCCIEAOBaHHSA, H3TOXKEHb HayIHas
HOBH3Ha H NPAaKTHYECKHE pe3y IbTAaThl HCCIENOBaHHA, 0GOCHOBaHA JOCTOBEPHOCTE
NONYYEHHBIX pe3yNIbTATOB, OMHCAHA TEOPETHIECKas H MpaKTHYeckas 3HAYHMOCTh
MONYYEHHHWX pe3yNbTaToB, TpPHBEACHH HepedeHh BHEAPEHAN pe3yNbTarToB
JUCCEPTAHOHHOTO HCCIENOBAaHHA B NPAKTHKY, CBEACHHAA 00 OMyONIAKOBaHHBIX
paboTax A CTPYKTypa IHCCEPTALUN.

B mepBoii rnase mucceprauMH «Teoperudeckne ocHoBhI o6paGorkm W
aHanm3a H3o6paxeHmit», nMelomell  0030pBO-aHATHTHYECKHH  Xapakrep,
NPOBENEH aHAIH3 COBPEMEHHBIX MMOAXOAOB, METOJOB H AITOPHTMOB UH(pPOBOIH
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o6paboTkn u300paxkeHui, obecneuuBalonmii paboTy ¢ MPHHATHEM peElLiCHHH Ha
OCHOBE aHajH3a HEYEeTKO MNpPEACTaBJIEHHBIMH H300paxeHHama. ITpopeneHHbii
aHaNu3 NMOKa3al, YTO CyIIECTBYIOMME MOIXOABI, MOJEIH, METOAbL H AITOPHTME,
HCHOJIb3yeMBl€ B 3aia4ax HHPpoBoii 06paboTku H300paKEHHH, C TOUKH 3pEHHA
NPHMEHAEMOr0 MaTEMATHY€ECKOI0 aNaparTa, He MOT'yT rapaHTHPOBaHHO IIPOBOJATH
aHanM3 ¥ TOC/IENOBAaTENBHO PEINHTh NENOYKY 3aJad, CBA3aHHBIX C NMOBBIILIEHHEM
KOHTPAacTOB H BBIAACICHHEM KOHTYPOB, a8 TaKe€ cerMeHTanueii M300paxeHHiH ¢
TpeGyeMBIM NOPAAKOM Pe3yIbTaTHBHOCTH NIPH [OCTAaHOBKE M PEaNH3AlMH ONHOH
H3 [EHTPATBHBIX NpodreM TeoperHueckod uHPOpPMATHKH, T.€. NPOOIEMBI
knaccuukaluny 1 pacno3HaBaHH s 0GBEKTOB, NPEACTaBEHHbIX B popMe HHPPOBBIX
H300paKeHH#.

Nanuas npoGiemMa XapakTepHa MUl MHOTHX NPHKIAAHAIX 33734 NPHHATHA
pelueHHH mnpH NpEACTaBICHHH HEYETKOH HCXOAHOH HHdopMauun B BHIE
u300parkeHHH, CBA3AHHEIX C ONpPENE]ICHHEM HOMEPOB TPAHCHOPTHEIX CPEACTB;
IAarHoCTHKOH Gosie3Helt Jmoneli, KHBOTHRIX M pacTeHuii; OHomeTpAYecKoOH
uaeHTHOHKanuell  JHYHOCTH; JMCTAHIHOHHBIM  3OH/JHMPOBaHHEM  3€MJIH,
Pacrmo3HaBaHHEM JIECHBIX [MOXAPOB; ONpeAeNeHHEM ILIOMAMH 3aTOMJIEHHMA,
aHATH30M Ka4ecTBa NPOAYKHHUH H MHOTHMH JPYTMMH NOAOOHBIMH 3a/ja4aMH, rae
Tpelyercsa ananu3 H Hecaexopanne nudpoBeIX H3o6pakeHui.

IosTOMy BOMIPOCHL YCOBEpILEHCTBOBAaHHS, pa3pabOTKHM H HCCICAOBAHHA
HOAXOAOB, MoJie/IeH, METOJ0B ¥ AITOPUTMOB 1MdpoBoi 06paGoTkn B3006pakKeHHH
LI pemleHHs 3aJay, CBA3AHHBIX C MOBBILICHHEM KOHMTPAcCTOB, BBLIEJICHHEM
KOHTYPOB H CErMEHTalue# H300pakeHHH B YCIOBHAX HE YETKOIO NPEICTaBICHHA
UcXonHO# uHHQOpMAIIMH, ABIAOTCA aKTyaisHbiMH. TO ecTs, HeoOxoauma
pazpaboTka Mopeseii, aNrOPHTMOB H [pOrpaMMHoro obecnedyesus o6paGorku
u300pakeHHil ¢ MCIONAL30BaHHEM MATEMaTHYECKOro annapara TEOPHH HEYCTKHX
MHOXECTB.

B saxmoynTenbHOM naparpade nepsoi rnasbl cOPMYNHPOBAHBI LEIH H
OCHOBHBI€ 33]]Ja4H JHCCEPTALlMOHHOTO HCCIIENOBAHHA.

Bo Bropod rnaBe aucceprauud «OO6paborka m3ofbpaxennii ¢
HCHOAbL3OBAHHEM ANNAPATA TEOPHH HEYETKHMX MHOMECTB» [PEAIOKeHa
KOHLenuus HedeTkoH o6paGoTku H MaeHTHUKauuH H300paxkeHHH, KoTopas
npeanosiaraeT  HCIOJB30BaHHE  NOAXOAOB  MNPOOJIEMHO-OPHEHTHPOBAHHOH
opelBapHTeNLHOH 00paboTku, coxpaHsaiomieli HHGOPMAlHOHHBIE HPHU3HAKH
obrpexToB. OHa nO3BOJIACT YIIPOCTHTH H YCKOPHTH Npoliece 06y YeHns U BbIACICHUS
(uaenTndnkaunn) o6bexTa Ha H306paxeHHH AiA HeueTkoll oOpaboTkm 3a cuer
HCHOJIb30BaHUA HHPOpMaLHH 06 HepapXHH MPH3HAKOB, YTO COKPAIIAET 3aTPAThi
BpeMEHH Ha 00padoTKy.

Ilpu obpabotke wH306paxkeHnii TpeOyercs IO HEKOTOPHIM [PH3HAKAM
BBIACITL  HEKOTOphlE€  OAHOpOAHBIE  oOnacTH  H300pakenHs.  Jrambl
npeJBapHTebHOH 00paboTKH HM300pakeHHs NO3BONIOT YMEHBIINTH BIIHAHHE
HCK®KEHHH Ra DpomecC pacmo3HaBaHHA. TeM He MeHee, HMEeT MeECTO
Pacmo3HaBaHHe B YCJIOBUAX HemojHOH H Heyerkoil HMH$opmauns. HauGonee
HOJXOAAT [JIA €€ PELICHHA TEXHOJIOTHH HEYETKOH JIOTHKH, HEeYETKas JIOTHKA [pH
9TOM BBICTYNaeT B poin Kkiaccudukatopa. IIpuMeHeHHe HEYETKOH JIOTHKH B
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3ajja4ax o6paboTkH BH3yaTbHON HEGOPManAN 060CHOBRIBAETCS TakXkKe CBOMCTBOM
00y4aeMOCTH MM aNanTHBHOCTH HEWETKOH JIOTMKH K HOBHIM 3a7iadaM, NPH 3TOM
COXPaHAIOTCA APXHTEKTYPa CETH M aJIFOPATM € (yHKIAOHHPOBAHHS.

B nepBoM naparpade saHHO# riaBE! pABEAEHE! HEYETKHE NPaBUIIa, KOTOPEIE
KOHCTPYHPYIOTCS H3 (pyBKIMM NPHHANIIEHKHOCTIA BXOKOB U BRIXOJIOB, K 3TH NpaBHIa
o06ecnedTnBaloT CBi3b MEXIY NpPEeINOCEUIKOH U 3aKIOYeHHEM, BHPakKECHHEIMA B
$popme «kECIIM-TO». B o61teM citydae npaBrjia MOTYT GHITE HOTy4EHb! M3 ONBITa
OJJHOTO HJIM HECKOJIBKUX SKCIIEPTOB B PAaCCMaTPHBAcMOii IPeAMETHOH 00JIacTH.

B 3TEX mpaBHiax pa3HAHsA 3HAYEHMH ApKocTed MEXAY paccMaTpHBacMhIM
NMHKCEJIEeM H  €ro  COCENAMH  SBIAIOTCS  BXOAHBIMH  JaHHKIMHM, a
YBENMYCHHE/yMEHbLICHUE 3HAYeHHH ApKOCTEH STOro HHKCENs  sSBIsfeTcA
BBIXOJIHBIMH JaHHKIMH. ECITH npeanoIokuTs, 4TO 3Ha9€HHA APKOCTH H300paXkeHHs
Haxozsrcs B unTepBaie [0, L-1] (rae L - yucno rpagauuii spkoctd), TO NpOCTHE
TPEYroNbHLIE HEUETKHE MHOXECTBA — CpelHee NOJOXHTENbHOE H CpelHce
OTpHIATENbHOE ONpeeiicHn Ha mATepBate [-L+1, L-1] u npeacrasnsiot spkue u
TEMHBIE 3HA9ECHHA APKOCTEH BXOAHBIX NepeMEHHBIX, a MaJhli MONOXHUTENLHEIH,
HyneBol W HeGonmbmoff OTPALATENBHHI TpPEYroNbHHE HEYETKAE MHOXECTBA
onpeneleHHl KaK HpUpallleHHe YKa3aHAOro 3Ha4eHHSd MO  CHEACTBHAM
COCTaBJICHHBIX NPaBHII. BeIxoZHOE 3HaUeHAE 106aRIAETCA K HCXONHOMY 3HAYEHHIO
SAPKOCTH MAKCENS.

B nensx ynydnieHns ka4ecTsa R300paXeHui MpeICTaBlIeH BHIYHCIHTENbHBIN
AITOPHTM JIOKATbHO-AJANITHBHOr0 YJIy4INeHHd KadecTBa m3o6paxemmil ¢
BEITACICHHEM H aHAH30M CpefHeil APKOCTH, a Takke €& paclpeacleHHs,
JIEMEHTOB H300paXeHAS, H BOSMOXHOCTH €€ KOPPEKUMH, T.€. 3aTCMHEHHRHIE
YHaCTKH H3006paXKeHRs HO3BOJAIOT AeNaTh 6ojiee CBETILIMH, a CIIMIIKOM CBETILIE
y4acTKd H306paXKeHHA 3aTEMHATE.

Jlanee npeacraBiicH METOA YJy9mieHHs KOHTpPacTa H3obpaxenmii mpm
HedeTkoi HcxomHol nHpopmammm. H3BeCTHO, 4TO MCKAXKEHHBIE DJIEMEHTH
H300pakeRns YacTO BeChbMa 3aMETHO OTJIHYAOTCA OT COCEAHHX JJIEMEHTOB. JTO
HabmoxeHAe MOCHYXUIO OCHOBOH IIA MHOTHX ITOPHTMOB, 00CCIIETHBAIOMIHX
nonaejeHAe WyMa. EciM ApKOCTH JAaHHOrO 3ICMEHTa NPEBHINIAET CPEXHIO
SPKOCTh Ipynnsl OmkalfilAX 3JIEMEHTOB Ha HEKOTOPYIO NMOPOroBYIO BEIHIHHY,
APKOCTb 3JIEMEHTA 3aMEHAETCA Ha HEYETKYIO CPEAHIONI APKOCTH (pHC. 1).

Tloxapnmomee GompnmMHCTBO mnpouenyp o6paboTki g nHonydeRHs
pe3ynbTaTa B KakJIOi TOYKE H300paxKeHUs MNPHUBIEKAET BXOAHHIE JaHHRIE M3
HEKOTOpOTO MHOXECTBA TOYEK HCXOJHOTO MW300pakeHHs, OKPYKaIOMHX
obpabatriBaeMylo TOUKy. OIHako HMeeTcA Ipyna mponexyp, rie OCyIieCTBIAETCH
no3neMedTHas 06paboTka. [IpH pasMEITOM H306paKEHHH KaXABIH DJIEMEHT MOXHO
paccMaTpHBaTh Kak HEYETKOE MHOKECTBO.
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Prc. 1 - O6paboTraHHoe n3ofpaxeHne Npu HeueTKoH HcxoaHol nEopManan

B nensix ysennyeHus 3ppeKTHBHOCTH METO/Ia IPEAIAIaeTCs AONOJIHUTENBHO
OLICHUBATh JIOKaJIbHbIE OKPECTHOCTH H306paKeHHs c y4eToM
CPeHEKBAAPATUYECKAX OTKIOHEHHH OTHOCHTENBHO APKOCTH LEHTPAILHOIO
9MEMEHTa H HAa TOM OCHOBAaHMH (OPMHPOBAaTh (QYHKLMIO HEJIHHEHHOro
1peo6pa3oBaHHs JIOKAIbHBIX KOHTPACTOB APKOCTEH 316eMEHTOB H300paXKeHHs.

Jlanee HM3JMOKEH ANFOPHTM JHHEHHOr0 NOBLINIEHNR KOHTPACTa IpH
HeYeTKo# ucxon,gl/oii uHGOPMANHUH.

DyHKUMH  TIPHHALIEKHOCTH /lf(X,y) U ;zg(x,y) onpeseaoTCs
cleayomHM o6pasom:
1. HopManusaius:

1
l+ u(x’y)_ci ‘
O

2. daszzndukauus:

#l(x,y)= i=Lk.

3. YTounenue ¢a3zuduxauuu:

, 1
. 2! (Y)Y, 05/ (x, s,
u (x.y)=

1-2(1- 4/ (x,y))*, =<p/(xy)<1.

1
2
4. Hopmanu3auus:

v(x,y) =18 ) " 8mn

max ~ Emin
5. ®a33upukanu:
1

LGN

%

HE (%)= i=Lk.
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6. Yrouenune Ppasuduxannn:

2pf ), os;zf(x,y)s%,
BE(xX, )= )
1-2(1- g Vs 5 <HEYSL.

3necs f(x,¥) u g(x,y) - 3HaYeHH APKOCTH MCXOZHOTO H TMOJYHaEMOro IOce

00paboTku H306pakeHHH COOTBETCTBEHHO B TOYKE Kafipa, MMelolnell JeKapTOBHI
KOOPIMHATH X — HOMep CTPOKH H ) — HOMep cronbna;

Ci, O u 0, - napaMeTphl PyHKUHHE IPHHAIIEKHOCTH.

U300pakenns, BBOZWMEIE B  KOMOBIOTEP, YacTo  OKa3bIBalOTCA
MaJIOKOHTPACTHEIMH, T.€. Y HHX H3MEHEHHMA APKOCTH Majkl TIO CPaBHEHHIO C €€
cpeaHAM 3HaveHHeM. IIpa 3ToM ApKOCTh MEHsSETCA He OT YepHOTro K GesioMy, a oT
ceporo k 4yTh Gonee cBernee ceporo. To ecTe peanbHBIH AWaNa3oH APKOCTH
OKa3BIBA€TCA HAMHOTrO MeEHbME JOMYCTAMOro (luKans sApkocTH). 3amaua
DOBHIMIEHHS KOHTPAcTa 3akiNOYaeTCs B «PAacTACMBaHHA» JAUANA30OHa APKOCTH
H300paxeHAA Ha BCIO MIKATY.

Oty 3agady MOXHO pemaTh NPH MOMOITH NO3JIEMEHTHOTO MPeoOpa3oBaHHs
NHHEHHOr0 KOHTPACTHPOBAHHA:

g(x,y)=af (x,y)+b,
T.e. GepyTca Takue a 1 b, KOTOpHIE IPHBOAAT HEYETKHE 3HAYEHUS 10N APKOCTH K
HEKOTOPHIM CTaHAapTHEIM BEIHYHHAM. 3jiech NpPEABAapHTEILHO ONECHABAIOTCH

ML f(x,y)], olf(x,»)], a xo3pdanaentn a, b BLOUpaIOTCA TaK, ITOOH A
BHIXOZHOTO Trons monmywats M[g(x, y)], ofg(x,y)]:

g y)=LEDMUEDL 1o 1)1+ MIgx )=

olf(x,»]
- olgxy)] M M olg(x, )l
T )+ Mg PI- MU -2 E 2T,
T.C.
Lol o ol
“Tosap MMk
3nece
k
if;(x’)’)'/‘:j(x,y) zgi(xay)'/‘ig(x’y)
M[f(x,y)]=+— , Mlg(x,y)]=+— ;
> il (xy) > HE(x,)
i=1 i=1
0, Z(x,y) <0,

g(x,y)=F(f(x,y)) = 1&(x,y), 0<g(x,y)<255,
258, 2(x,y)>255.
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B naparpage 2.2 DpeiioXKEH HHTYMTHBHBIH HedeTKuii moaxon A
NOBHIIDEHHA KOHTPACTA, B KOTOPOM TIpeiaraeTcs rHOKkuii H ananTupyeMelii cnoco6
06paboTKH HeonpeaeIeHHOCTH, IPHCYTCTBYIOIMH B IHPPOBHIX H300paKEHHAX.

PaccMotpeno m3obpaxkenne A pasmepa MXN OHKCeNb, HAIHMYHE CEPOro
ypoBHsa r B njuanasoHe mexay 0 H L-1. Ilpu npumenennn UHM mns o6pabotku
H306pasKkeHHs MOTYT PaCCMAaTPHBATHCA KaK MACCHB HEYETKAX CHHIJITOHOB. Kavkb1i
3JIEMEHT MacCHBa yKa3hiBAET HA 3HAYEHHE IPHHAIIEXKHOCTH #;(8g;) ceporo ypoBHA

&ij» COOTBeTCTBYIOLIEE (i, j)-TOMY IIMKCEJIO, B COOTBETCTBHH C IIpeAONpeeICHHBIMU
CBOFICTBaMH H300pa)xeHHs, TAKHMH KaK SPKOCTb, PE3KOCTh, OAHOPOAHOCTE.

B Buae 06o0menus Toro moaxoja BBEACHO ClieAyIOlIee OPEACTAaBICHHE
H300paKeHHs B HHTYHTHBHOH HEYEeTKOH cpeae:

A= {(gy > My (gy )’ Va (gi; )) Igy € {0’ . l}} >

rae i€{l. .M} u je{l...N} (g, u vi(g;) 0603HAYAIOT COOTBETCTBEHHO
CTeneHb NPHHANIEKHOCTH M HENPHHAIJIEKHOCTH (i, f)-TO MHKCENA K MHOKECTBY B
COOTBETCTBHH CO CBOHCTBAMH H306paskeHAsL

Mertozas! 06paboTku H3oOpaxeHni Ha ocHoBe Teopun HHM npexoctaisior
rubkyio MaTemaTuyeckylo 6a3y, I8 TOro uToObl COPABHTHECA C «KAYECTBEHHBIME)
CBOMCTBaMH, TAaKHMM KaK KOHTPACTHOCTb H300paKeHHA B  YC/IOBHAX
HEOJHO3HAYHOCTH M PaCIUIBIBYATOCTH, YaCTO MNPUCYTCTBYIOLIMX 8 UHPPOBBIX
n306paeHuaX.

HeonpeneneHHOCTh B H306paKeEUAX HCXOAHT H3 pa3iiHUHbIX (pakTopoB. OHI
BIHAIOT HA Hally YBEPEHHOCTh B NPUHATHH DELICHHA, SBJIACTCA /M MHKCENb
«CEPBIM» HITH «PE3KUM», H [I03TOMY BBOAAT OIpEAEIeHHIE COMHEHH, CBA3aHHbIE
C COOTBETCTBYIOMIEH TOYKOH. OnpenencHue NPHHALIEKHOCTH KOMIOHEHTa A-
HHM, onHchBaoOiLEro APKOCTh IIHKCENeH H300paxeHus, apiasercs Gosee npocroi
3ajaued, KOTOpas MOXKET ObiTh OpOBENCHA AHATOMMYHHIM O0pa3oM, Kak H B
TPAJHIHOHHBIX HEYETKHX CHCTeMaX 06paboTku 3o6paxkeHuii. B npencraBnenHoi
9BPHCTHYECKOH CHCTEME MBI PAaCCMATPHBAEM MPHHAUICHKHOCTh 3HAYEHHS YPOBHA
CEpOoro 1{BETa g €ero HOPMATH30BAHHOMY YPOBHIO HHTEHCHBHOCTH:

-_&
@ =177
rae g£€40....L—1}. Cnegyer ot™eTHTh, 710 M0GOH ApYroii Meroa pacuera gy
TaIOKe MOXET ObITh IIPIMEHEH.

Heuétkoe uucno £:R —>[0,1] ssnserca RopManbueiM H BEITYKIEIM. MBI
OrpaHH4HBaeM Halll BHIGOD il CHMMETPHYHBIX HEYETKHX YHCE/], KOHIENTYAThHO
HOAXOAAIUMX /I8 ODEACTABNECHHS NOHATHA «CEpbiii YPOBEHb DPHMEPHO g».
CHMMETPHYHOE TPEYTOTbHOE HEYETKOE YHCII0 ONpPEEAETCA KaK

Hz ()= max{o,l—%}.

rie OOJIOXKKTENBHEIH napaMeTp p KOHTPOIHpyeT GopMy 4Hcia.
Pa3MbITOCTE H306paXeHHs - 3Ta MEpPa CEPOCTH ABYCMbIC/IEHHOCTH, CBA3aHHAA
¢ MMKce/siMH u300paxenus. MHorna TpeGyercs yMEHBIUHTh B HECKOJBKO pa3s
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KOJIHYECTBO Pa3sMBEITOCTH, NPHCYTCTBYIOIUEE B H306paXkeHHH, B eIX NOBRIICHUSA
KOHTPACTHOCTH MEXJY ApKoW H TeMHOH 06macTaMH. AJIFOPHTM KOHTPacTHOTO
yCHJICHHS, OCHOBaHHBIH Ha MHHHMA3AIMH HEYETKOCTH, NIpEAJIaraeTcs B BHE:

-F,
Bmax — &
py(g) = 1+EmE | 7
F, d
TH€ gma: 0603HAYAET MAKCHMALHO CEPEIH yPOBEHE XeNaeMoro, i F,, F; aansmotcs
3KCINIOHCHIIHAJIBHBIM H JE€HOMHHALHOHHBIM cbassmbm(aropaml COOTBCTCTBCHHO,
KOTOPHE  KOHTPOJHMPYIOT HCEONPCACACHHOCTD B  HEYCTKHX  TUIOCKOCTAX.
d)aasuq;mcarop Fy ONPECACNACTCA KakK

Bmax — 8
Fy=foiE

(-

Mocne MonudwKanMH 3HaueHHH DpHHALIEXHOCTH Aedassudrrauus
BBITONIHACTCS B CIEAYIOLIEM BUJE:
0 ecrug' <0,

g'=38 ecnu 0<g <255,
255ecnu g' > 255,

e g’ - HOBBIi cephlii ypOBeHb H g nonydaercd M3 obpaTHoH ¢yBKumEM

NPAHAJTCKHOCTH KAK
-1

8 = Zum — Fy| (@)™ -1

B naparpade 2.3 npuBefeR aHAIN3 CYIECTBYIOUHX METOAOB BHIICICHHS
KOHTYpOB 00beKTOB Ha H300paXxeRnax. JIns pemeHns 3a/1a4i BhleEHHS KOHTYPOB
00beKTOB Ha H300pakeHHAX B MOCNielHee BpeMs, B OCHOBHOM, IPHMEHAETCH
cleAyoLne TpA MoAX0aa:

1) moaxoz, OCHOBaHHBIH Ha BRIYHCIICHHH JHCKPETHBIX IPOU3BOJAHKIX;

2) mnOAXOX, OCHOBAHHBIH Ha CTATHCTHYECKOM aHalM3e APKOCTH B
OKPECTHOCTH KaXJO0ro MHKCels H300pakeHHiH;

3) noaxol, OCHOBaHHKIH Ha HCMONB30BAaHUM amiaparta TEOPHH HEYETKHX
MHOJXKECTB.

IToxxon, ocHoBaHHBIHi Ha BBMHUCIEHHAM AUCKPETHHIX FNPOM3BOAHBIX. Bce
METOOH, KOTOpHEe pa3paboTaHH B paMKaX NaHHOrO MOXXOAa OMHpAlTCA Ha
BHYHACJIEHHE MPOU3BOJHOI NEpBOro Mopsika H BTOPOrO MOPSAKA, H COCTOST H3
JByx rpymm. IlepBas rpynmna MeTONOB ONHPAEcTCA Ha rPaJueHTHBIC ONEPaTOPHI, a
BTOpast — Ha ONEpaTopH! JalUIacHaHa.

OcHOBHasA HJes TpajHEHTHHIX METONOB BEHLIEJICHHA KOHTYPOB COCTOMT B
norcke Habopa MHKCENOB, COOTBETCTBYIOILMX CYLISCTBEHHHIM (MaKCHMAbHEIM)
HM3MEHEHMAM JHCKpeTHoro au¢deperumana mnepsoro nopsaka. Ilpu sToM
OnpeneficHue KOHTYpOB OOBEKTOB OCYIIECTRISCTCA Ha OCHOBE TMOHCKa
MaKCHMaJIbHOTO MOIyJIff TPaiEEHTHRIX BEKTOPOB.
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BrisesneHHs KOHTYPOB C HCTIOJIB30BAHHEM JialUlaCHaHa CBOAMTCA K ONpEJEEHHIO
JUCKpETHOH MpOM3BOJHOH BTOporo mnopsaka. OcHOBHas HAes METOHOB,
OCHOBAaHHBIX Ha OIEpPaTOpax JAIIACHAHA, 3aK/I0YaeTCi B NOAYEPKHBAHHH
Pa3psIBOB YPOBHEH sApKocTel Ha H300paXKeHHH U NOAABJIEHHH 001acTH co cnabrM
g3MeHeAMeM spkoctedi. OCHOBHOE IPEHMYIUECTBO METOJOB, OCHOBaHHBIX Ha
olepaTopax JaIUIaCHaHa, COCTOHT B TOM, YTO OHH paboTaloT OYeHb OBICTpO.
HepocraTkoM 3THX npoueqyp SBAAETCS YyBCTBHTENBHOCTh K INYMy Ha
u3o6paxenny. IloaToMy Merogni BbIIENEHHA KOHTYPOB, OCHOBaHHHIX Ha
oNepaTopax lalUIaCHaHa, MPAaKTHYECKH HEe HCIONL3YIOTCS NPH  PEelleHHH
NPHKIANHBIX 3a10a4.

B HacTosunee BpeMA HMMEETCi DPAA @ITOPHTMOB BBHIACIEHHS KOHTYPOB,
paspaboraHHbix Ha 6ase cTaTHCTHYeCKMX MeToOB. OCHOBHas HAed I3THX
IrOPATMOB 3aKJIF0YAETCs B ONpeJeNeHHHA KOHTY OB 00bEKTOB Ha OCHOBE aHAIH3a
cpegHee  KBaJAPaTHYHOro  OTKJIOHEHMA  SPKOCTH  COCEAHMX  MHKceef
PaccMaTPHBAaEMOroO 31EMEHTa H300pakeHnH.

OgH¥M H3 PazHOBMIHOCTEH JaHHOrO NOAXOA2 ABIAETCA CEerMEHTAlUA
u300paxkeHnH, B KOTOPOM ONpeAe/siOTCs OAHOpOgHbIE ObacTH u300paxeHuit. B
pe3yjbTate pacCMaTPHBAEMOE HCXofHoe H300pakeHue mnpeobpasyerca k
naeansHOMy. Jlanee, C NpHMEHEHHEM OJHOTO H3 METOOB, OCHOBAHHBIX Ha
BBIYHCJIEHHH /JHCKPETHBIX MPOH3BOAHBIX, MOXHO BBIJEIMTh KOHTYpBIB
CerMEeHTHPOBaHHOTO H306paXkeHHs. IIpH HCNOJIB30BAHUH 3THX METOAOB TpebyIoTCA
GosibIpe BBIYHCIHTENBHBIE PECYpPCH. B CBA3H C JaHHBIM HEJOCTaTKOM METOJ
NpakTHYeCKH He NPHMEHAETCA MNPH BHUIENEHAH KOHTYPOB OOBEKTOB Ha
H300paXKeHHAX.

Merton BrigeneHus KOHTypoB, Ha ocHoBe FIRE (fuzzy inference ruled by else-
action — Hewerku# BbhiBog Ha ocHoBe MHAUE-jeficTBuA) napaaurMel, SBIAECTCS
OTHOCHTEJILHO HEBOCIPHHMYHMBLIM K IDyMY. B HEM HCHONb30BaHB! pa3aAdHA
YPOBHE#H Ceporo B OKpeCTHOCTH 3X3 B Ka4yeCTBe BKJIaJa B HEYETKHE NPaBAJIA.

Meroz BelAE/ICHH KOHTYPOB H& OCHOBE HEYETKOH JIOTHKH, /i€ JIOKaIbHBIE
0CcOOEHHOCTH, TakHe KaK TIpaJIHeHT, CHMMETpHA H [PAMOJIMHEHHOCTH
KOMOHHHPYIOTCS IJIA TOro, 4TroObl BBECTH HOHATHA GKOHTYP» H «Yroim.
HengoctatkoM JaHHOro Merona sABsieTcs TOT (aKT, YTO TPAJHLHOHHOE
onpeJe/icHHE TOYKY KOHTYpPa KaK TOYKH C BHICOKHMM TPAJlHEHTOM MEXZAYy JByMs
PABHOMEPHBIMH MJIOCKHMH OOJIACTAMH He JeHCTByeT Ha yriax (rae paBHOMepHas
obyiacte HMeeT ocTphiHi yros). Meron oOHapyxeHus rpaHMl OyTeM JeNCHHA
n3o0paxeHus Ha 3-Hedyerkme pasgensl (obnactm), a 3areM HaxokKIeHHE
MaKCHMAJIbHOH SHTPONHH JUIA NOMy4YeHHs Haunydimero pebpa. OH Taloke Moy 4
Heo0XxoAuMoe yCliOBHE MaKCHMH3AaLMH 3HTpomuiinoH ¢yuknun. Ha ocHoBe 3THX
YCJIOBHH IOy 93eTCA TPEXY POBHEBOE [IOPOrOBOE 3HAYEHHE.

Pa3sBUBAlOTCA MeETOJbl, OCHOBaHHHIE HA aONapaTe TEOPHH HEYeTKAX
MHOXECTB H Heuerkoil jiornke. HecMoTps Ha JOCTHTHYTHie ycmexu B 061acTd
nudpoBoii 06paboTkn M306pakenuii HMeeTCs pAA HepeleHHbIX 3a4a4. K ux yncity
MOXHO OTHECTH npobneMy aJeKBaTHOro OToOpa)keHus NpeaMeTHOH 001acTH Ha
HEYeTKYI0 CHCTEMY, BHIOOpa Mojielell HEYeTKOro JOTMYecKOro BHIBOAA H HX
HHTETpallHA B EAHHYIO HHTE/UIEKTyalbHylo cHcreMy. Ilpy 3ToM MHOrHe H3
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pa3paboOTaHHBIX METOJIOB, OCHOBAHHLIC HA TEOPHH HEYECTKHX MHOXECTB, TPEOYIOT
6onblIMe BEMHCIMTENBHBIE PECYPCH, YTO 3aTpyAHSET HX NpPHMEHEHAE B
NPUKIAIHBIX CHCTEMax, HaNpuMep, B OMOMETPUYECKHX CHCTEMaxX YHpaBIeHHA
JOCTYTIOM.

B naparpade 2.4 npennoxeH NoAXo[ K HOBHIICHAIO UBETHHIX H300paXxeHHiA,
3a OCHOBY KOTOPOrO MOJIOKEH METOJl PacTHKEHHA AHHAMHAYECKOro IHanasoHa.
YpesMepHOE YCHJICHHE 3HAYCHHH HWHTEHCHBHOCTEH JIOKATBHBIX OKPECTHOCTEH HE
BCEerAa NPHBOJTHUT K 0XHWIAEMOMY pe3yJbTaTy, 0COOEHHO, KOTAa PacCMaTpHBAIOTCA
LBETHRIE H300paxkeHHs. I103TOMy B 3TOM NOAXOJE PEaTH30BaHO pEryHpyeMoe
YCHJICHHE 3HaYeHHH HHTEHCHBHOCTel DHKceleil B JOKAILHBIX OKPECTHOCTAX.
HudopMaTHBHLIMH MapaMeTPaMH [IPH YTy 4nieHHH H300paxKeRnit SBIAOTCA pasMep
NoKaNbHOH OKPECTHOCTH H 3HauYeHHs KOO(PHIHEHTOB yYCHICHUS HHTEHCHBHOCTEH
nukcedelf B JIOKANBHBIX OKPECTHOCTAX. Perynupys pasMepoB JIOKaJbHBIX
okpectHocTed B 3HaueHHH k03 HIHEHTOB YCHIICHHS WATEHCHBHOCTEH NnHkcenei
B JIOKATbHEIX OKPECTHOCTAX, NOKa3aHa BO3MOXHOCTh H3MECHEHHS YPOBHS
JETAIBHOCTH H300pakeHHs ¥ HHTEHCHBHOCTH IMUKCEJIEH, H OnNpeeneHHs 3HaUeHUS
HHTEHCHBHOCTEH OBETOBHX COCTaBNSIOUIMX KOHETHOTO H300pakeHHA.

Tperas rnaBa muccepranuu «CerMeHTanmns HBETHLIX H306pakenmii Ba
OCHOBE ANIIAPATA TCOPHH HEYETKHX MHOMKECTB” IOCBSAIICHA PEIICHHIO 331a4A
CerMeHTalHi NHPPOBHIX H306pakeHHH, KoTOpas SBISETCS OMHON U3 OCHOBHEIX B
obnacti uHdpoBoil 06paboTKH H300paKEHHH U KOMITBIOTEPHOTO 3PEHM .

Ha3pabotaH H COBEpIIEHCTBOBAH METOA  CErMEHTAIMH  [BETHHIX
H300paXKeHAH Ha OCHOBE TEOpMH HEYEeTKMX MHoxkecTB. IlycTh Hccnenmyemoe
uzobpaxenne J cocroMT W3 m (m = my, Xm,,) snementoB: J = {p,, Ju€
[o,..,(m, —D}velo,..m - DI}

Ilpennonaraercd, 4TO Kakauii dmeMeHT J Moxer ObITH MpENCTaBlIeH
MHOXECTBOM XapaKTEPUCTHK (MM Npr3HaKkoB) X:

X ={x1, e, Xiy e ) X }-
Torma wccmexyemsle W300paXkeHHA MOXHO pPaccMaTpHBaTh Kak MHOXECTBO I,
COCTOSIIIEE M3 M IJIEMEATOB:
I={9..,9 . I},
me i=u+m, -vUE,.., (m—-1)], ve[0,..,(my—1)]). Ipu >3T0M
KakAOMY 06BekTy J; COOTBETCTBYET BEKTOp OPH3HAKOB X;:
fi = (xn, ...,XU, ...,xi,,).

Muoxectso o6wextos {7y,..,3;, ..., Iu} MOXHO NpEACTaBHTE B BHIAE
rabmuusl JaHHBIX Ty (T = {Tuwlt € [1, ..., m], v € [1, ..., n]}) pasmepHocTH
(mxn). Kaxmas crpoka T,, paBHa 3Ha4Y€HHIO BEKTOPa-IPH3HAKOB
COOTBETCTBYIOIETO 06bEKTa.

Ilycts nana mcxoanas uadpopmaims Tp,,. 3agada HeueTKOH CErMEHTalUHH
3aKII0YAETCA B ONPENEICHHH HEUETKOTO pa3bHeHHs pacCMaTPHBAEMOr0 MHOXECTBA
00BEKTOB Ha 3aJlaHHOE YHCJIO TTOIMHOXECTB, KOTOPHIE 00€CTIEYHBaAIOT JOCTHXKEHHIO
3KCTpeMyMa HelleBoi PyRKIMH CpellM BceX HEYETKHX pa3OHeHuit.

B unessix yTOUYHEHHS 3aflayd HEUETKOH CErMEHTAUMM BBEAEM HEKOTOphIE
noHsTHA. ITycTh HCKOMEE HEYETKHE CETMEHTH NPEICTABIAIOT HEKOTOpHIE
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NOAMHOXXECTBa Sj, COCTOSIIHE B3 HCXOFHONO MHOXXECTBA O0BLEKTOB CErMEHTAUHRH,
AJU1 KOTOPOrO BHIIOJIHACTCA YCIOBHE:

£
D) =1 (€D
j=1

rae € — konu4ecTBO HewETKHX cerMentoB S (j € {2, ..., £}).

Ilpennonaraerca, 9YT0 KakKAbH  HEYETKHMA  CErMEHT  ompeaesieH
[IPEABAPHTEILHO H XaPAKTEPU3YETCS TAK HA3EIBAEMBIM THIHIHBIM JIEMEHTOM (MJIH
UEHTPOM 2, Z; = (Ziy, .-) Zij, =) Zin)) HMCKOMOTO HeEuETKOrO cermenta S;(j €
{2, ..., €}), KOTOPBIil BEYACIAETCS NO KAKIOMY NIPU3HAKY:

2y = (i (s, 00)’ -m) / i (ks,00)" &
u u=1

=1
rae T, — 3Ha4YeHWe i-ro Npa3Haka B u-oM oOBeKTe (deMeHTsl); kK — mapamerp
aJIrOpUTMA, HA3bIBACMBIH JKCIOHEHIHANBHBIM BECOM, H PAaBHbIH HEKOTOPOMY
neicreutensaoMy uncay ((k > 1).

B kadectBe LesieBo#i ¢yHkuHH OymeM paccMaTpHBaTe CyMMY KBaJpaToOB

onMOKu:
m

 R=YS (00 -5l ®

j=1u=1
rze |Ixil — nopma Bextopa x (|xll = Vx'x'); k — napamerp anroputMa, 3Hayenue
KOTOPOro 3a71aeTCsi B 3aBUCHMOCTH OT KOJIHYecTBa m diemeHToB 1.Yem Gonsme m,
TeM MeHbIIE JOKHO ObITh 3HaUYeHHe K.

OcHoBHas Hjes NpeJiaraeMoro MOAXOJa 3aKIO4aeTCd B GOPMHPOBAHHH
HOOJMHOXXECTB TTHKCEJIOB, onpeaenaiomux OIHOPOIHBIE obsacTu
paccMarpuBaemoro  usobOpaxenns. Pasbmenne R Ha | noaMHoxects
OCYHIECTBJISETCA Ha OCHOBE HTEPALMOHHON OUEHKH (PyHKUNM DPHHAMISKHOCTH
KKAOTO 3JIEMEHTa MHOXeCTBO R.

Ilycts paccMaTrpHBaemMoe uBeTHOe H300paxenHue cocrout H3 W X H
nukcenieit H onucaHo B cucreMe RGB. Ilpeasaraempiii airOpuT™M cerMeHTauudH
COCTOHT M3 TPEX ITAlOB.

IlpessapuTensHas 06paboTKa LIBETHOro A300pakeHHA. IA  DPHMEHEHHA
aNrOPHTMOB CErMEHTalMH Tpebyercs npeoOpasoBaHHE HMCXOHOMO L[BETOBOIO
npocrpatcrea B RGB npoctpanctso. Ilponenyphl, HCoob3yeMble B JAHHOM 3Tame,
npeyCMATPHBAIOT CleyIOMe BApHAHTH npenobpaborkn:

1) crnaxuBanne H300paXkeHns, NpegHa3HAYEHHOE I CETMEHTALHH;

2) npeoGpa3oBaHne CHCTEMbI IIBETOBBIX KOOPJHHAT.

PaccmaTtpEBaembie Ha JaHHOM 9TaNe AJINCPHTMbI IPAMEHAIOTCH JJIA YTy YllCHAS
Ka4yecTBa CErMEHTAlHH H SABJAIOTCA HayalnbABIM JTANoOM ApH PEIleHHH 33Ja4u
CErMEHTAlHA N300paXKeHHA.

Ha stane ¢opMHpoBaHHA HaGOpa HEYETKUX MPH3HAKOB ONpENENAETCH PAL
HEYETKHX XapPaKTEPHCTHK U1 ONHCAHHA KAKAOro JOMYyCTUMOrO 3JIEMEHTa
HCXoqHOro H3o0paxeHma. [Jlna nOpeoOpasoBaHMs BJIEMEHTOB  HCXOJHOrO
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H300paXKEHHA BO MHOXECTBE BEKTOPOB-IIPH3HAKOB MOXHO BHICIHTH CIIEAYIOITHE
HedeTKHE XapaKTEPHCTHKH MO KaXJAOMY NHKCEMO aHATM3HPYEMOro HCXOIHOro
H300pKEHHA:

1. HedeTkHe ApKOCTH MUKCENA P; HA KOOPAHHATAX X, Y MO KAKAOMY H3 TpeX
6a3oBnix uBeros (i = 1,2,3):

P = {zluc,2) 2 0, z € 3,
z=173(xy),X=1{0,1,..,255},
rae J;(x, y) ApkocTs i-ro 1BeTa DHKcENd ¢ KOOpAWHATaMH (X, y).

Ha puc. 6. npuBeneHEl GyHKIMH NPHHAUTEKHOCTH HEYeTKOH SPKOCTH,
HCHONB3YeMBIe IPH GOPMHPOBAHKH APKOCTHRIX IPH3HAKOB H300pakeHA.

Ha xoopmunate (X,y) DO KaxHOMy i-My LBETY COOTBETCTBYET APKOCTh
Ji(x,y): € (€ ={Cy,C;,C3}). 3mecs € — HeveTkHe MHOXeCTBZ ApkocTd: Ci—
HeYeTKOe MOAMHOXECTBO «CNabHIiy; C; — He4eTKoe OAMHOXECTBO «cpexHeen; C3
— HEYETKOE MOAMHOXECTBO (CHIILHBIH».

2. Heuerxkas SpKOCTb S; TPOM3BOJBHONO ¢pparMeHTa H300paxenns,
coctosmero u3 3 X 3 anemenros (i = 1,2, 3):

i = {siluc,(s) =0, 5, €S}, SC %,
rie &; — CpeHAA APKOCTh i-r0 LIBETa B OKPECTHOCTH HOHUKCENA ¢ KOOPAWHATAMH

(x,y): L
& =(Z Z .‘I,(x+u,y+v))/9.

=—1p=—1
Jins onpelelieHHA HedeTkod APKOCTH (NMpH (GOpMHPOBaAHHMH YCPEOHEHHBHIX
SAPKOCTHHX MPH3HAKOB N0 (PparMeHTY U300pakKEHHA) B OKPECTHOCTH NHKCENS C
KoopAuHaTaMH (X,y) MOXHO HCHONB30BaTh QYHKUMIO NPHHAUIEKHOCTH,
NpUBEICHHYIO Ha PUC. 2.
3. Heuerxad OlEHKAa CpeQHEr0o KBAaApPaTHYHOrO 3HAYEHHA APKOCTH MO
¢$parMenTy H300paxenns, cocrosuero u3 3 X 3 snementoB (i = 1, 2, 3):

(Ei = {ei'l'lci(eil) 2 0' eil € D}’ Dc Is
Eneer—cpﬂnﬂﬂﬂHPKOCTBiﬂT)HBCTaﬂHKCCHX(EKOOPﬂHHaTmMﬂ(x,y):

¢l = i Zl: (:7,-(x+u,y+v))z

u=-1v=-1

4. Hederkas olieHKa pacceHBaHMA APKOCTH Mo ¢parMenTy m3obpakenns,
cocrosimero H3 3 X 3 anmemenToB (i = 1,2, 3):

D; = {biluc,(0:) = 0, b, €D}, DC X,
rae d; — cpeliHsAA APKOCTH i-IO LBETA MHKCENA C KOOPAHHATAMH (X, Y):

b= (i Zl: (fiCu, v))’) /o

u=-1v=-—1

fw,v) = Ji(x + u,y + v) — 5;(x, y).

47



rae 8;(x, y) — cpeasss APKOCTb i-ro 1BETa B OKPECTHOCTH MHKCENS C KOOPAHHATAMHA
x, ).

“‘ ey(2) He, (%) 4y, (2)
B} \ ’. ’_. \
s\ / \‘ }1 ,\\
/ \>< \
% .
i ‘4/’? ' l{' AY \'\

Puc. 2. ®yHKIHH DPABAJIEKHOCTH, HCNO0/Ib3yeMbie IPH HNOPOXKACHHH
HE4eTHOro MEOXKECTBA APKOCTH nukceas J,(x, y) na xoopaamare (x,y) no
xaxnomy i-my usety C (C = {Cy, C3, C3}). 3aech C — HeueTKHEe MHOKECTBA

#pKocTh; (1 — HeYeTKoe NOAMHOXKECTBO «cabplii»; C; — HeveTKoe

HOAMHOXKECTBO «cpeaHee»; (3 — HeYeTKOe NOAMHOKECTBO «CHIbHBIID)

OnpeneneHre cerMeHToB H300paxkenHi.  Paspenenne PacCMaTpHBAaEMOIO
n3o0paxeHus Ha | CErMEHTOB BHIMONHAETCA HAa OCHOBE (HJOPMHPOBAHHA
NOIMHOXECTB  CBA3AHHBIX TNHKceaoB. OcHOBHaA Hpes  (OpMHpOBaHHA
NOAMHOXECTB CHJHHOCBA3AHHEIX JIEMEHTOB COCTOHMT B TOM, HTO DJIEMEHTHI
KaKIOro cermeHta Oyner Omike K €ro «IEHTIPY», YeM K «UEHTpaM» JpPYTHX
cerMeHToB. 3aza4a OPMHPOBAHHA MOAMHOXKECTB CHIBHOCBA3AHHBIX SJIEMEHTOB
CYATAETCS PEIICHHOH, eclIH N0 MHOXECTBY R yJanocs OnpeaenuTh «IEHTPBI»
CErMeHTOB H TPaHHLB! COOTBETCTBYIONIHX MOJIMHOXECTB 3IEMEHTOB. BIIH30CTE K
UEHTPAILAOMY /IEMEHTY CErMEHTOB ONpeJe/fAeTCA Ha OCHOBE TIOHATUA HEIETKOIO
MHOXECTBA. ’

PacCMOTpUM MHOXXECTBO JONYCTHMBIX 3/IEMEHTOB (T.€. AONYCTHMBIX
nukcenoB) u3obpaxenns R. [IpeanmonoxuMm, YTO KaxkIAOMy IOMYCTHMOMY
aneMeHTy 2 (p € R) COOTBETCTBYET BEKTOP-NPH3HAKOB & = (@4, ..., Qj, ..., Ap),
BBIYHMC/ICHHBIH HA BTOPOM 3Tane.

AJITOpHTM HE4eTKOH CErMEeHTAIHH 3JIEMEHTOB H300paXKeHH MOXHO OITHCAThH
cnepyrommum obpazom. Ilycrs pnanml mapamerpm 1, C;(j = 2,1), xotopue
XapaKTepH3yIOT YHCJIO CErMEHTOB H LEHTPOB CErMEHTOB COOTBETCTBEHHO. Toraa
s ompedeneHHss HMcxoaHoro pasbuenus Ro(R) = {S], IS; < 91} MOJKHO
BBIYHC/IHTD LIEHTPB! CErMeHTOB 1o opmyrne (1) u 3HaueHHe neneBoH PyHKOHH 1O
dopmyne (2). Ecnn ans nexotoporo j (j € {2, ...,1}) u nekoroporo t,,‘,,(t,,'v € ‘R)

3HA4YCHHC
N

Z(t:”’ —v;i(x.y) =0,
i=1
TO /1A COOTBETCTBYIOILErO HEYETKOTO cerMenTa S; cumtaercs, uto 1;(1,,) = 1,2

LISl CETMERTOB S (4= 1,1j # q) cunraercs, uto ”](txy) =0.



Jlanee, nns NONYHEHABIX HEYETKAX CETMEHTOB YTOYHEHHE «IIEHTPOBY
CErMEHTOB H 3HauEHUS LeNieBoli PyHKUMH ocymecTBigercs o gopMynam (1) u (2)
COOTBETCTBEHHO.

BEMMHCIEHHE «LEHTPOBY» CEMMEHTOB OCYLIECTBJISETCS Ha OCHOBE HTEPAaTHBHOTO
METO/a, KOTOPKIH ONMHpAETCA Ha TMOCIENOBATENLHOE YTOYREHHE 3HAYEHHA Z;j (CM.
dopmyny (1)) B xaxzoit urepaiuu. Ilpy 3TOM 3HadYeHMe g ,(7u) BBIYHCIACTCA

CIEAYIOLIMM 00pa3oM:
bs;(7y) = 8y;/ (Beibw) 6y =1/(BRi(ziy — i)
je{,2,.. .0, ue{l,2,..,m}.

IIpouecc yTOYHEHHS «UEHTPOB» CETMEHTOB C MNPHMEHEHHEM ONHCAHHOIO
anropHTMa HEYETKOH CErMEHTalliH NPEKpallaeTcs, €CIH BRINOJIHAETCE OXHO H3
ycnoBHii:

D |0(Rq-1) - O(R)| < &

2) KONIHYECTBO BHINONHEHHBIX HTEPALHI § NMPEBHIIAET 3aaHHOE YHCIIO (q.
Yersepras rnaBa JuccepTaiid «BblgejiecHHe KOHTYPHBLIX JIHHRA Ha
H300paxkeHHn ¢ HCMOJb30OBAHHEM TEOPHH HEUEeTKHX MHOXKECTB» IOCBALICHA
pa3paboTke KJlacca alTOPMTMOB, OpDHEHTHPOBAHHBIX Ha BHIJCNEHHE KOHTYpOB
00OBEKTOB Ha A300paKEHHAX.

B naparpade 4.1 paspabotan Ki1acc arOPHTMOB BHIJIE/ICHHS KOHTYPOB
06BeKTOB Ha A306pKEHAX, TOCTPOEHHEIX Ha OCHOBE TEOPHH HEIETKUX
MHOJX€ECTB.

PaccMoTpaM Habop HOMyCTHMBIX H300paxkeHR#H [, 3amaHHBIX B IBETONOM
npoctpanctBe RGB, onpeenseMoM TpeMs OCHOBHHIMHM UBeTaMu: KpacHbM (R),
seineHsiIM (G) ® caAaM (B). Tlpu 3TOM Kaxaoe AONMYyCTHMOE MH300paxkeHHe
I npencrasnsercs B BHIE TPeXMEpHOH MaTpHue X pasMepa m X n X ¢ (rae c—
KOJIMYECTBO I[BETOBHIX KAHAIOB, M ¥ M — KOJIHYECTBO CTPOK M KOJHYECTBO
CTONIGIIOB COOTBETCTBEHHO):

X = [l e
TAE X;jx- YPOBEHb APKOCTH JIIEMEHT X;; 110 6a30BOMY UBeTY.
3anaya BEAENICHHS KOHTYPOB OOBEKTOB H300paXkeHAS COCTOHT B TOM, YTOOBI
Halith kpuBylo Ha |x; j"mxn’ OTPaHWYMBAIOMYIO OIHOCBS3HBIE O06NacTH
onpeneieHHOro IBeTa (HanpuMep, 1A N0y TOHOBOFO H300pakeHns).
PaccMOTPHM MHOXECTBO 11 R306paXKcHHM aBTOMOOHILHHX HoMepoB J™,
3axaHHOE B BHIE AByMepHOi MaTprnnl X pasmepa H X W (rae H, W- Homepa cTpok
H CTONOLOB COOTBETCTBEHHO):
xll ey xlj en x‘lW
x= xil oo xij...xw (3)
le see XH] ces x”w
TAe X;; “MHTEHCHBHOCTb JaRHOTO mu@poBoro msobpakenus ( X;; €
[0,1,2,...,255]).
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3anada COCTOHMT B TOM, YTOOBI IOCTPOHThL TaKylo Marpuiy X pa3sMepoB
H X W,, aneMeHTaMH KOTOpO#H ABJISIOTCA HHAMKATOPhl FOPH3OHTANIEH:
xll .o :1}. e IIW

X=| %1 ¥ Ew

z"l “se IH]. e IHW
[/i€ ¥;j— XapaKTepH3yeT 371IeMEeAT H306paKenus, pacnoNOXeHHbIH B i- il CTpOKe H j-
M cronbne:
_ {1, ecnu nrKcendb Xjj ABAAETCA 3/IEMEHTOM KOHTYPHbIX IHHHH;
*y —{ 0, B APYTHX CIyYasX . )

Ilpu sTOM Tpebyercs, YyToObl 3jeMeHTsI MaTpHipl X B JOCTaTOYHOH Mepe
XapakTepr30BaIH ¢opMbl  OOBEKTOB, NpEACTaBIEHHbIX B BuAe LHPPOBHIX
n300paxeHnii (3).

OcHOBHas HMped NPEMIAraeMoro moAxoja 3akioyaercs B (JOPMHPOBaHHH
KOHTYPHOTO H300pakerHs Ha OCHOBE aHA/I3a HEYETKHX NPUPALIEHHH 151 KK/I0T0
nukcenst. IlpescraBHM paccMaTpHBaemoe H3o0paxkeHHe kak Habop Touek,
cocroaumii u3 H X WoanementoB. IlpeanaraeMpiii ajJropurM COCTOMT U3
CJIEYIOMHX TANoB:

1. 3adanue’ okpecmnocmu yenmpanviuozo 3nemenma. [JAA Kaxcoozo
YEeHMPAAbHRO20 INeMeRma Ha ImoM mane onpenenserca Ly, = 2ky + 1,8, =
2ky + 1, cxonb3suiee OKHO pasmepoM (o0braHO Ly x®), ky, k, HaTypanbHbie
yncna). Pasmep sToro okxHa 3ajgaercs napamerpamu ky H ky, KoTophle
ONpEeAENAIOTCA HCXOAA U3 OcoOeHHOCTEeH paccMaTpHBaeMoH 3aJauH BBIIENCHHA
KOHTYpoB o0BekTa Ha H3o0paxenun. Ilocne onpenemeHHs 3THX NapaMeTpoB
CKONB3AUIETO OKHA BBRIYHCIAETCSA MNPOCTOE MpHPAllieHHe Ui pacCMaTPHBAEMOro
LEHTPAILHOIO YJIeMeHTa (U, v):

A, v) =T(u+6,,v+68,)—I(u,v), )

6y € {—ky,... .0, .. ,ky}, 8, € {—ky, ... .0, .. ,ky}, 18,1+ 16,1 #0,
rae 8, 8,- neibie 4ucia.

s yopolueHus BeMUCICHRH npeanonaraercs: max|d, | = max|d,| = 1.

2. Quavmpayus u3obpadicenuii 6 paiione UEHMPANbHOZO INEMeHMA.
OcHOBHaA HAEA YCPEAHAOLIEro QUIbTPa COCTOHT B TOM, YTO APKOCTH KaXIOTO
OEHTPAIBHOIO MHKCENA 3aMEHAETCA CPeAHEH APKOCTHIO B €T0 OKPECTHOCTH, T.€.

1 kw ky
11,v) = > , ,
(u,v) @y +DCn 7D, L, La I(u+6,,v+6,)
u=—Kw Op=—Ky

rae ky, ky — napamerpst ckompssiero okua; J(u,v),I(u,v)- ucxoaHoe u
oT¢rIPTPOBaHHOE H300paXeHHe.
3. Onpedenenue npupawienus ¢ KORKpEMHoOM HANPAGREHUNU TS KAKIOTO
neHTpanbHoro snementa I (u, v) mo dpopmyane (4):
A(uv)=Iu-1L,v-1)—-I1v), A(u,v) =1(w,v—1) - I(u,v),
As(u,v) =I(u+1,v-1)-1(u,v), A, (u,v) =1I(u+1,v) - I(u,v),
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As(uv) =I(u+1,v+1)—I(uv), Ag(u,v) = I(u,v + 1) — I(u, v),

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

4. ITocmpoenue @GynKuuu npuHaones’cHocmu MHOdMNCeCmsa Heuemxux
npupaujenuii. IlocTpoerre (QYHKOWA NPHHANJIEKHOCTH OCHOBAHO Ha MPOCTOi
3BPHCTAYECKOH KOHIIETUMH HEIEeTKOTO NpHpamieHus. CornacHo 3Tol KOHIUEeNMH,
HedeTkHe GONBIINE MPHPALNEHUA COOTBETCTBYIOT TPaHHLaM OOBEKTOB, a MEJIKHE
HedeTKAE NpHpamenAs — myMaM. [IpH noctpoeHuH QyHKIMit DpUHALIEKHOCTH
HCTIONBE3YETCA METOA MapaMETPHYECKOro TMpeACTaBIeHHA, 00ecneuUnBAIONIHi
MPOCTOTY NMOCTPOEHAA, HAIPHMED, TPEYTONbHON GYHKIIAN NPUHAIEKHOCTH:

0, eumx<a;
x—a

, eomMa<x<b;
b—a
c—x
-b

0, eumm x=c.

3neck a,b,c— HexkoTOpBie YHCIOBBIE MapaMeTphl, NPUHUMAIOMME UENhle
sHavyeHus. a<b<c u a,bc€{0,1,2,..,k}, - xonugecrso rpazauuii B
o6pabaThiBaeMOM H300paXEHHH.

Jins yToYHEHMs MOHATHA HEYEeTKOro NpHPAMECHAA BBEAEM KadeCTBEHHOE
TMOHATHE «MaNB» B paMKaX TEOPHH HEYETKHX MHOXECTB. JTO IOHATHE
COOTBETCTBYET HEYETKHM MHOXKECTBaM MAJbIX 4Mceldl, a = —Ag, b =0, c =4,
T.C.

u(x;a,b,c) =

,ecmb< x<g;

pGeA) = {3, opH  xe[—Ag, .-, A5);
, npH x & [, ..., A4]
3aece db=({1-|x])/A;, rtme A,(A,>0) - napamerp ananTauuH,
XapaKTepH3yiolnuii onpexeeHHEIH Habop MaILIX uKcel.
DyHKIAA MPHHAIEKHOCTH Ka9eCTBEHHOrO MOHATHS GONBILONO NpApameHHs
MoOXeT ORITE onpejielicHa Ha OCHOBe (OpMyJIEL:
pa(x) =1 — pp(x, 2).

Tlocne nocrpoeHus (YHKUHM TPHHAIIEKHOCTH HEYETKOro NpHpameHHs
NOABJIAETCA BO3MOXHOCTD BHUHCIHTH 3HAYEHHs HEYETKHX NpHpalieHuii no BceM
HanpaBJICHHAM.

5. Pacuem 3uauenuit neuemxux npupaujeruii. IIpH BEMUCIICHAH 3HaYEHHS
HEYETKOTO TMpHpAllleHHd i TIPOH3BONBHOrO  MEHTPATHHOTC  BJIEMEHTa
HCUIONB3YIOTCA COOTBETCTBYFOIIME HEUCTKAC MPABHIA B KAKAOM HAIPABICHUA.
Ipupanienns olpeaeIAI0TCA B BOCKMH HAIPaBIIEHHAX, HATIPUMED, VIS BHIYACICHAN
HEe4YeTKOro NpHpALIeHHA B IEPBOM HAMPABIICHRH, T.€.

A(wv)=Iu-1Lv-1)-I(yv).

Jins BEIYHCIICHHUS 3HAYEHHH HEYeTKUX npupatteHuii s nukcens I (u, v) B nepBoM
HaITpaBJIEHHH MOXHO HCTIONB30BATh CIEAyIoMIee NPaBHIIO:

Ecmu (P;(u, v) = 0.8),10 A, (1, v) Mauo,
rae Py(u,v)- HedeTkwil TpeNMKaT, OMMCHIBAIOMMI (XapaKTepusyromuii)
npupamenus B mukcesx I(u, v).

BriunciieHue 3HadeHAs Hederkoro mpeaukara Py(u,v) pia 3Toro mpasuna
OCYIIECTBIIAETCA B IEPBOM HAINPaBICHHH:
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Pi(w,v) = pyy (0, v) App (4, v) A py3(u,v),
1w v) =, @) A, (u-1v+1),
(V) =, W) Ay, (w+1,v-1),
3@ v) =, -1, v+1)Ap, u+1,v-1),
1, ecan d, (v, v) mano c focToBepHOCTHIO He MeHee 0.8;
rae Py (u,v) =40, ecu dy(u, v) maio c gocroBeproctsio 6 (0.2 < 6 < 0.8);
0, ecnm d,(u, v) MaJI0 C 4OCTOBEPHOCTLIO He 6oJiee 0,2.
JUIA OCTanBHBIX HamnpaBieHNH 3HAYEHHE HEYETKOro NpeMKaTa BHIYHCISETCH
aHanoruaHo. Bee npaBwia Py, Py, ..., Pg HCOOMB3YIOTCA JUIA pacyeTa NPHPAIlCHHA
BO BCEX HaNPaBJICHHUAX.

6. ITpunamue peuieHUR HA OCHOGC QHANU3A 3HAYCHUI HeyemKux
npupawenuii. Ha 5ToM 5Tane NpHHHEMAETCA PEIlEHHE O CYNeCTBOBAHHH JIEMEHTA
(DHKcens) B Npefenax AHAJIM3UPYEMOrO CKOJNB3ALIETO OKHA, MPHHALIEXAlero
KOHTYpHOH 1AHHH. B 5TOM ciy4ae pelueHne NPHHHMAETCA HA OCHOBE CPaBHEHHA
OLIEHOK, XAPaKTEPH3YIOIUMX HEYEeTKHH NPHPOCT, pacCYHTaHHBIH MO BCEM
HaNpaBJICHHAM:

-1, ecmu dlg(u,v) < ry;
R(Ipw,v))=4{ 0, ecm 1 <dl(u,v) <1y
s 1, ecnd 0y (u,v) > 13,
A€ 7, 77, — apaMeTpsl peLiaiowero npasuna; 81, (1, v) — HeveTkoe IpHpaileHue,
paccYMTaHHOE NO k - My HanpaBJICHHIO.

Oto npaBwio umeer cienywowni cmbeica. Ecim Rg = —1, To 3HavyeHHe
paccMaTpHBaEMOro MNpHpAlleRHs Mano. 3TO MOKashlBAaeT, YTO HET MHKCEN,
OPHHAZNEXKAIIEr0o KOHTYPY B HaNpaBiCHHH, NEPHEHAHKYIAPHOM K -My
nanpasiennio. Ecnu Ry = 0, To 3HaYeHHe STOro OpPHPAILEHHS HE INO3BOJNET
ONpeAE/NTh, KAKHE IHUKCEJM NPHHAMICKAT KOHTYpHOH /MHHHM. B 3TOM Ciyuae
MOTYT HOSIBHTBCA IPOIMYCKY NIPH ONpeeseHud JHHUH KoaTypa. Ecnu R, = 1, To
9TOT [HUKCENb NPUHAIEKHT KOHTYpPY, OPOXOMAIEMY [0 NEPHEHIAMKYAPHOMY
HANpaB/IEHHIO OTHOCHTENBHO K - 1O HalpaBneHUA.

OTH aIropHTMbl NpeAHA3HAYeHb! [UIA BLUICNCHAA KOHTYDHBIX JIHHMA Ha
H300paOXEHHAX, H KOKIBIH H3 9THX INOPHTMOB ONpeAenseTcd Habopom
napamerpos 7 (7 = (kw, ky, Aq, {2}, 71, 7%)).IIo H3MeHenmio (onpeneneHHIo)
3HayeHHH STHX NapaMEeTPOB MOXHO Pa3fiH4aTh KOHTYPHBIE JTHHHH H300paxkeRui B
YCJIOBHAX Pa3sH4YHBIX IIYMOB M moMeX. OnpeeneHse Hawly4uiero ajiropeT™Ma B
paMKaXx pacCMOTPEHHBIX aJlrOPHTMOB OCYINECTBIA€TCA B INPOCTPAHCIBE
1apaMeTpoB 7.

B naparpage 4.2 npeanoxeH CHENHAILHBIH MNOAXOA, YYHTHIBAIOIHH
cneunduKy 3a5auH paspeNicHHsA KOHTYPHBIX JINHHH, B YaCTHOCTH Pa3sMbITBIX JIHHHIH,
pasrpaHHYMBAIOIIHX OOBEKTH Ha H300paxkeHun. Ha OCHOBE NPELIOKEHHOrO
noaxona Opu1 pa3paboTaH cneMHaNbHBIH KIacCc anrOPHTMOB, OCHOBAHHBIH Ha
NPEICTABICHHAX TEOPHH HEYETKHX MHOXECTB, UIA BBUICJICHHA TPaHAYHBIX
KOHTYPHBIX JIMHHIT 00BbekTa Ba n300pakeHnH. Ero OCHOBHas H/iesi COCTOHT B TOM,
yro6bl BRMHCINTH HEYETKHE NPHPAIUEHHA U KaX[IOro 3JIeMEHTa JaHHOro
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H300paxeHns W TIPOaHAH3HPOBaTh KX. IIpA 5ToM pacyeT HeueTKHX NpHpaIeHuit
COCTOMT M3 JBYX 4acTeif, mepBas 4acTh KOTOPHIX 3aKITIOYaeTcd B BHIIENCHHU
rpaHHIibl  CTPYKTYPHBIX OOBEKTOB, a BTOpas 4Yacth - B OINpEACICHHA
MONOXHTENLHOTO H  OTPHIATENHHOTO 3HA4YEHHH HeyeTkoro npHpaineHus.
OxoHYaTeNbHOE pelieHHE B NPEATONKEHHOM KJIAacce arOpUTMOB NMPHHUMAaeETCS Ha
OCHOBE aHaJTH3a 3HAYEHHA JONOIHATEILHO BBEACHHOTO NTapaMeTpa, T.€. CPABHEHUA
pacdeTHOro 3Ha4eHHA MOAHGHIMPOBaHHOTO 3HaYCHHA IPHPALIEHNS C IOPOrOBRIMH
YHCITaMH.

B naparpade 4.3 nocrtpoena Mojelb BRIEJICHHS IPH3HAKOB TPH
pacro3HaBaHHH HOMEPOB KEJIE3HOIOPOKHHIX BATOHOB.

PaccmaTpuBaeTCd MHOXECTBO JONYCTHMBIX H300paKeHHH HOMEPHBIX
3HaKoB J, 3afaHHBIX B BHJE M300paxenuil. IlycTh MHOXeCTBO H300paskeHMit J
pa3buTo Ha | HemepeceKaloMXCs NoAMHOXecTB (knacca) Ky, Ky, -+, K;. Pa3buenne
3 ompezeNneHo HEMOMHOCTHIO, 4 1aRa HekoTopas BHGopka R™ (R™ c R), koTopas
cocrout H3 m wusobpaxenwii: R™ = (Ry,--,R;,~,Rp), K; = R™ n K;, CK; =
ﬁ”‘\kj. 3amaua 3axmodaercs B (GopMHpoBaHHRW Habopa NMPH3HAKOB, KOTOPHIE
XapakTEepH3yIOT HCXOAHOE H300paXkeHAe HOMEPHBIX 3HAKOB BaroHOB H o0ecneunT
pelIeHHe 331a4H Pacrio3HABaHHA HOMEPHBIX 3HAKOB O BHIEICHHBIM XapaKTEPHLIM
HpA3HaKaM.

Ipennaraercs MOAXOA, OCHOBAHHKIA Ha METOJE CTaTHCTHIECKOTO aHAIM3a
H306paxkeAns HOMEpHBIX 3HakoB BaroHoB. Ha 6ase sToro momaxoma nocrpoeHa
MOJIEN BBIICIEHHS NPH3HAKOB H300paeHA i HOMEPHBIX 3HAKOB BaroHOB.

B naparpade 4.4 peurena 3agaya BHAENCHHS NTPU3HAKOB, BO3HAKAIOUINX NPH
CO3NaHHH CHCTEM JAMArHOCTHKH GoJie3Hel CeNbCKOXO3AHCTBEHHBIX KyIBTYp MO
H300paXKEHNAM JTUCTHEB.

PaccMOTpeHO MHOXeCTBO HONMYCTHMEIX OGBEKTOB, 3aJaHHHX kak OOpa3sl
nAcThEeB pacTeHHH. Mcxonnwle NaAHBIE MO KaXOAOMY JIOIYCTHMOMY OOBEKTY
(MccnegyeMoe  pacTeHHWe) 3alaloTcsd  TPEXMEpPHOif  MartpHuei  (UBETHRIM
n3o6paxenneM) Y pasMepoM (re ¢ — KOJHYECTBO LBETOBRIX KaHAJIOB; m H 1 —
KOJIM4ECTBO CTPOK M CTONGIOB COOTBETCTBEHHO).

3agaya COCTOHT B TOM, 4YTOOBI NOCTPOMTH Takol omneparop, KOTOpBIi
no3Boiser GopMHPOBATH NPOCTPAHCTBO MPU3HAKOB, XapaKTEPH3YIOMHX Gone3HH
KyNbTypHHX pacTeHuid, 0O HCXOZHOMY o0Opa3sy mucTheB. OmnpeaeneHde
COBOKYITHOCTH JHarHOCTHYECKHX NPH3HAKOB {Tylsees Tyjr-rs Typ) OCYLIECTBIAETCA
1O 3alaHHO# HcXoaHOH nHGOPMaLHMH J, Ha OCHOBE CTaTHCTHYeckoro anaim3a. [pa

3TOM TpebyerTcs, 4To6h PopMHPYeMOE IPH3HAKOBOE NPOCTPAHCTBO OBLIO MEHbIE
HCXOIHOTO W C HEKOTOPOH TOYHOCTEIO OOECIEHHBANO pa3lielicHHE 3aJaHHBIX
00BEKTOB.

Ilpy pemeRnH 3axaul H3y4eH HECTAaHZApPTHHIE Noaxox k mnpobieMe
¢opmupoBanrs  Habopa  DpPH3HAKOB,  HACHTHQHUMpyloHMX  GoJNe3HH
CeJIbCKOX038HCTBEHHBIX Ky mbTyp. IIpH 3TOM TpexMepHas (AByMepHas) CTPyKTypa
H300paxkeHHlf JHMCTReB npeobpasyerca B OJHOMEPHOE  MPOCTPAHCTBO
XapaKTEPHCTHK BRICOKOH pa3MepHocTH. Kakawli npHu3Hak onpeAeiser TONbKO
onpenencHuyio obnactb (¢pparMeHT) H300paxenns. Jlna ONHCaHHA Kaxnoro
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(parMeHTa HCXOJHOrO H300paXKEHHA HCOONB3YIOTCS PasTHYHBIC CTATHCTHYECKHE
XapaKTEPHUCTHKH.

Ilatas rIaBa [JHCCEPTAHH «IKCOEPHMEHTAJNbHbIE HCC/IJOBAHHN
pa3paGoTaHHBIX ANTOPUTMOB NPH PelieHHH MOAENbHOH M NPHKIAAHBIX
3aaa9» NOCBAIEHA ONHCAHHIO MNpPOrpaMMHOHA pealn3alud  paspaboTaHHBIX
INOPUTMOB, a TAIOKE AHAJIH3Y Pe3yJIBTaTOB IKCOEPHMEHTAIBHBIX HCCEOBaHHHA 1
OPaKTAYECKOro NPAMEACHHS ITHX AITOPHTMOB.

B naparpage 5.1 npennoxeHa KoHuenups NOCTPOEHHS CHCTEMBI H
apXHTEKTyphl HeueTko#i 06paGorkn H300paxkeHHH, KOTOpas OXBaTHIBACT
OpaKTAYECcKH Bce 3Tankl 06paboTky HHpopManau - NpeaBapHTeNnbHOH 06paboTky,
[OBBILIEHAA KadecTBa H300pakeHHs, BBUICJICHAS KOHTYPOB oObekTa Ha
A300paKEHHH, CErMEHTALHH B TEPMHHAX HEYETKHX MHOXKECTB, PaclO3HABAHHS
00BEKTOB U300paKEHHIH.

B mnaparpage 5.2 pacCMOTpEHBI COCTAB H CTPYKIypa NpOrpaMMHOIO
KOMILIEKCa, pa3paboTaHHOIO Ha OCHOBE NPEUIOKEHHBIX AIMOPHTMOB 06paboTku
usobpaxenuii. Jlia obecneyeHns (QyHKOMOHANbHOH MOJNHOTHI B COCTaB
NpPOrpaMMHOTO KOMILIEKCa BIJIIOMEHBI TAoKe MPOrpaMMHbIE MOAYJH, KOTOpHIE
PeaIM3yIOT M3BECTHBIC QITOPUTMBI, IPEACTABIMAIONHE DELIEHHA 3334
Pacro3HaBaHHA H KJIaCCH(HKAIHH H300paKeHHH.

Ilaparpad 5.3 otpaxkaer pe3yjabTaThi KOMIBIOTEPHOIO 3KCIIEPHMEHTA,
OpOBEAEHHOTO C LEMbI0 aHanu3a 5Q¢eKTHBHOCTH pa3spaGOTAHHBIX: AJITOPHTMa
CerMEeHTAlMH H300paXKEeHHH HA OCHOBE KJIACTEPH3ANHH [0 METOAY C-CPEAHbBIX H
HEYEeTKOr0 AITOPHTMA KJIACTEPH3ALMH 1A MHOXKECTBA BELIECTBEHHBIX HHCEN.
ABamm3 pokasan, yro nmpu obpabotke H3o6paxenuil Tpebyercs Mo HEKOTOPEIM
OpH3HAaKaM BBAE/ATH HEKOTOpble ONHOpOAHble OOnacTH u3oOpaxeHuA. Itansl
NPEABapHTEJLHOH 06paGoTKH H300paykeHHs INO3BOJIAIOT YMEHBINMTH BJIHAHHE
HCKKEHBH Ha NpolLiecC Paco3HABAHHA.

INaparpad 5.4 NOCBALUEH PEIIEHHIO NMPUKIAJHBIX 3a4ad Paclo3HABaHHA Ha
OCHOBE aHa/IN3a U HeYeTKoH 06paboTkH HHPPOBBIX H300paKEHHH: 1) JTHATHOCTHKH
HOJIOCATOH PIKABYHHEI NILEHHIB! MO H300paXKEHHAM JIMCTHEE; 2) PacNO3HABAHHA
HOMEPOB XKeNIe3HOLOPOXKHBIX BaroHOB; 3) pacmo3HaBaHHs HOMEPOB aBTOMOOuMIEH.
PaspaGoTaHHble aNTOPHTMBl [OKA3AIH BBIYMCIHMTENBHYI0 3(@PEKTHBHOCTD H
ABJUNOTCA JOMOJHEHHEM K CYIIECTBYIOIIHM MeToAaM o0OpafoTKH LBETHBIX
n300pakeHHii B MoryT OBITB HCNONB30BAHBI MPH PEIIEHHH IJlacca 3afa,
CBA3AHHBIX C ONpeJe/IeHHEM HOMEPOB TPAHCIIOPTHBIX CPEACTB, AHAJIM30M KauecTBa
OpOAYKOMH, JARArHOCTHKO# OoJsiesHel pacTeHuii, pacno3HaBaHUEM JIECHBIX
[OXKApOB H ONpEACTCHHEM IUIOWAAH 3aTOIUIEHHA Ha OCHOBE MCCJEAOBAaHMA HX
u306pakennii.

B naparpade 5.5 npHBeeHB Ppe3yJbTaTel anpoOalMH Ppa3paboTaHHBIX
ITOPHTMOB H NPOrpaMMHOro obecnedeHHs o0paboTku M aHaM3a H300pakeHHH
OpH pelICHHH PeabHOH 3a4aYM pPacno3HABaHHA JbIMAa M OTHA B ABYX PETHOHAaX
Y30exucrana.

BHeapeHHe  pe3yJLTaToOB  aIrOPUTMOB  KOMIBIOTEpHOH  0oGpaboTkm
BHJIeOH300pakeHnii B pexHMe PealbHOIO BpEMEHH H H3BJIEYECHHs AUHAMHYECKHX
ofBEKTOB C MOMOIBI0 KOHTYPHOTO aHanH3a H pa3paloOTaHHOTO Ha HMX OCHOBE
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nmporpaMMHoro ofecnedyeHAs B CTPYKTYpHRIX mojgpassencHusx MUC PVi.
MO3BOJIHJIO:
® OTCEeHBATh JIOXHHE CpabaThiBaHHA, TakHe KaKk oOjaka, OTHOH,
o6pazoBaHus NEUTH H Op. [Ipr 3TOM IKM H OrOHb AAEHTA(GHIHPYyeETCS
Ha OCHOBE IWHAMHYECKAX H CTPYKTYPHBIX OCOOCHHOCTEH, a Takoke
[IKabl SPKOCTH;
® yBENWYHBaTh B cpenHeM Ha 85-87% mnB3BnedeRAA AHHAMHYECKHX
OOLEKTOB € MOMONIBIO ANTOPUTMOB KOHTYPHOTO aHajlH3a, a
[IPOH3BOJHTENBLHOCTE — B cpelHeM Ha 15%;
® YMEHBIIMTE B 2 pa3a BpeMs o6paGOTKH OIHOTO Kajpa B pexHMe
PealbHOTO BpEMEHH, B pe3yJIbTaTe 9ero BpeMs oOHapykeHHs: noxapa
0o XMy MIH OTHIO H ero o6paborka cokpamjaercd B 2 pasa H
TIONIOXHTENBHO BIHAET Ha BpPEMA ONEPaTHBHOTO pearHpoBaHMA Ha
Ype3BhIyaliHy10 CHTYalMIO.

SAKJIIOYEHUE

Pe3ymeTaTel NMPOBENEHHOTO MHCCEPTAIHOHHOTO HCCIEHOBaHHA Ha TeMy
«ANTOPHTMBI aHATH3a H300POKEHHH HAa OCHOBE TEOPHH HEYETKUX MHOXKECTBY
CBOASATCA K CIIEAYIOIIHM OCHOBHBIM BBIBOZIAM.

1. [IpoananH3HpOBaHEl M  CHCTEMAaTH3HPOBAHEl . OCHOBHEIE  METOJBI,
HcroNb3yeMhe B 3aiauax o0pabotku uugpoBHX M300pakeHHil, C TOYKH 3pEHHA
TIPUMEHAEMOr0 MAaTEMaTHYeCcKOTO anmnapara, a TakkKe AacleKThl IpHMEHEHHs
MOAXOAOB, OCHOBAHHKIX HAa TEOPHM HEYETKAX MHOXECTB. AHAIHZ METOHOB
1mpoBoii 06paboTku H300pakeHHHl W BHEAPEHHE NMOAXONOB TEOPHH HEJETKHX
MHOXECTB B mnpouecc 00paboTkH M aHamu3a H300pakeHHH NMONTBEPKIAIOT
yIydllIeHHE KayecTBa M JIAI0T BO3MOXHOCTH ONMPEAEIMTh OCHOBHOE HAlpaBJIEHHE
IMCCEPTAIMH.

2. ARanu3 JHTEPATYPHHIX WCTOYHUKOB MO NMPHMEHEHHI0 MaTeMaTH4ecKoro
anmapara He4eTKMX MOZXOJOB B 3aja4¥ax o0paboTkH H300pakeHM# MoxassiBaeT,
YTO 3TH METOABl HCNONL3YIOTCS, B OCHOBHOM, B TAKAX 3a1aYaX, Kak HOBHIMICHHAE
KOHTPAcTOB H300paxkeHHH, BHIEJICHHE KOHTYPOB M CerMeHTauud. OIHako 3TH
METOIH He HAIIUTA MIHPOKOro PacipOCTPaHEeHH NIPH PeeHUd NPAKIANABIX 3313y
06paboTka H300pakeHnit H3-3a AX BEIYACTATENBHOM CIIOXKHOCTH.

3. OnpepeneHa geiib HCClICNOBaHHA H cPOPMYITHPOBAHE! 33/1a4l 0OpaboOTKH
H300paXeHHl C HCNONB30BAHHEM MOAXOAOB HEYETKHX MHOXectB. IIpH 3TOM
OCHOBHO€ BHHMaHHE yJelleHO CIENYIOIHM 3aiadaM: 1) moBbilIEeHAIO KadecTBa
H300paXeAHs METOJaMH HEYETKOH JIOTHKH; 2) BBIAENIECHUIO KOHTYPOB 00BeKkTa Ha
H300pakeHAAX; 3) cerMeHTauMM  u300paxeHH ¢ HCIONb30BaHHEM
MaTeMaTHIECKOTO anmapaTa HE4eTKHX MHOXECTB.

4. PaspaboraH TmoAXox nOpelnBapuTesibHON 0oOpaboTku H300paxeHmdi ¢
MCOONB30BAHHEM aniapaTa TEeOPHH HEYETKHX MHOXecTB. IlpefBapHTenbHas
obpaborka w300pakenuii Bkmowaer B cebe ¢opMHpPOBAHHAA NPH3HAKOBOrO
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NPOCTPaHCTBA, C TNOMOIMIBI0O KOTOPOro peamdsylorca o6paboTka M aHaiu3
u300paxeHni.

5. PazpaboTaH airOpHTM CErMEHTAlMH LBETHRIX H300pakeHHid c
MCHOJB30BAaHHEM  METOJA  HEYETKOH  KJIACTepH3aluHd,  OTIHYHTENBLHOMH
0COOEHHOCTHI0O KOTOPOrO JABJAETCA CO3[AaHHE ONHCaHHA arpudyra Kaxzmoro
OHKCEN PacCMaTpHBaeMOro H3obpaxenusa. PaspaGoraHHbii anroputm ABIAETCA
JOMOJIHEHNEM K CYMIECTBYIOLIMM METOJaM CErMEHTalMH H300pakeHnH B MOXeT
ObITh MCHOMB30BAH JUIA PElIeBHs Kiacca 3aAa4, CBA3AHHBIX C ONpPEAEICHHEM
HOMEPOB TPAHCHOPTHHIX CPEACTB, AHATH30M Ka4eCTBa NPOJYKIHH, NHArHOCTHKOH
Bose3neii pacTeHHiH, pacno3HaBaHHEM JIECHBIX OXAPOB H ONpeAeNeHACM ILTOIanH
3aTOILTCHHA Ha OCHOBE HCCJIEAOBAHHA HX H300paXKeHui.

6. [IpeqnoxkeH CnEUMANBABIH KJIACC AITOPHTMOB BBUJEJICHHA KOHTYPHBIX
JHHHH, CHOCOOHBIX aNaNTHPOBATECA K Pas/H4HbBIM NOMEXaM B H300paKeHHH MO
pAdy IIApaMeTpOB, B KOTOPOM YHYHTHIBAIOTCA OCOOCHHOCTH JIMHMH TI'DaHHLBI,
BBIENAIOIMUX 00BEKTH! Ha 32]JaHHOM CEPOM B300pAKEHHH.

7. IloctpoeHa Mopenb, MpeTHA3HA4YeHHas VI8 BBIACICHHA XapaKTEePHRIX
OPH3HAKOB NpPH PAco3HaBaHUH HOMEPHBIX 3HAKOB JXKENE3HOZOPOXKHBEIX BarOHOB.
JlagHas wMoJens onUpaeTcs Ha BBLIYHCJICHHM pPasHYHBIX CTATHCTHYECKHX
XAPaKTePHCTHK [JIA KaKAOro (yparMeHTa HcxoHoro Hsobpaxkenus. TectoBrnie
SKCHEPHMEHThl ¢, HCHOJB30BAHHEM HPEAJIOKEHHOW MOJENH Paclo3HaBaHHsA
HOMEDHBIX 3HAKOB BaroHOB MOKA3aJH BHICOKHE pe3yJbTaThl M0 CPAaBHEHHIO C
OPYTHMH MOJXOAAMH JUIA PElIeHHs 3TOH 3aa4H.

8. Ilpesioxenst KoHuenuus NOCTPOEHHA CHCTEMbI H aPXHTEKTY Pa HEYETKOH
ob6paboTkn M306paxceHHH, KOTOpas OXBAaThIBAET NPAKTHYECKH BCE STalbl
o6paboTku MHPOpMaUUH: NpeBapuTe/ibHas 06paboTka, NOBHIMEHHs KOHTPacTa
u300paxkeHHsA, MOCTPOEHHA TpaHHL O0OBEKTa HAa W300pakeHHH, CErMEHTAlHH
U300paxkeHus, IPHHATHE pelueHus. JIpaKTHYeCKas HANpaB/EHHOCTh pe3y/IbTaToB
COCTOMT B TOM, 4YTO Ha OCHOBE HNPEMIOKEHHBIX MOJENCH, AalrOPHTMOB H
OpPOrpaMMHBIX CPEACTB CO3/1aHO JIOKANH3OBAHHOE MIpOrpamMmHoe obecneyeHHe,
pacumHpsiomiee  o6nacTh OPHMEHEHHA COBPEMEHHBIX TEXHOJIOTHH, 00paboTkH
H300paxKeHnH.

9. IlpennoxeHHkle ATOPHTMbI B MporpaMMHoe obecneyenne ob6paboTku H
aHamA3a H300paXKEHHH B YCJOBHAX HEYETKOTO NPEACTABICHAS HCXOAHOH
uAQOpMAlIMH Tpefonpencnuny TpeOyeMelii NOpANOK Pe3yJbTaTHBHOCTH IpH
PEIIEHNH CIeAYIOMHNX NPHIUIAAHBIX 3aa9: a) JUarHOCTHKA M0JI0CAaTOH PiKaBYHHE!
OINEHHIB 1o H3o0paxeHusM JMcTheB; O) pacnmosHaBaHHE  HOMEpOB
3€eJIE3HOJJOPOXKHEIX BATOHOB; B) PaCO3HABaHHE HOMEPOB ABTOMOGHIIEH.

10. BHenpeHwe pe3yAbTaTOB AJMOPHTMOB KOMIIBIOTEPHOH 06paboTkn
BHIEOH306pakeHHH B peXHME peanbHOrO BPEMEHH H M3BJIEYCHHUS JHHAMHYECKHX
OGBEKTOB C MOMOMIBIO KOHTYPHOIO @HA/lH3a H pa3paOTaHHOrO Ha HX OCHOBE
gporpaMMHOro obecmedeHHs B CTPYKTypHbIX mnoapasaenenwix MUYC PYs.
NO3BOJIMIO:

® OTCeHBaTh JIOXKHBIE CpabaThiBaHHA, TakWe Kak oOJaka, ITTHIb,

obpa3opanua neutk H np. IIpu 3TOM JBIM H OrOHB HAEHTHQHUMPYETCA HA
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OCHOBE IMHaMAYECKHX H CTPYKTYPHHIX 0COGEHHOCTel, a Takke mKaihl
APKOCTH;

YBeIHIMBaTh B cpeAHeM Ha 85-87% n3BiieueHMA ARHAMHIECKHX 00BEKTOB
€ HIOMOMIBIO AJITOPHTMOB KOHTYPHOTO aHATH32, a IPOH3BOAATENLHOCTE — B
cpenaeM Ha 15%;

YMEHBIIHTH B 2 pa3a BpeMs 00paboTKH OXHOro Kajgpa B peXHME peallbHOro
BPEMEHH, B PE3YNILTATE Yero BpeMs OOHapyXeHHsA NoXapa Mo ALIMY HITH
OTHIO H ero 06paGoTKa cokpalaeTcs B 2 pa3a H NONOXKHATEIFHO BITHSAET Ha

BpeMs ONIEPATHBHOIO PEarHpoOBaHHs Ha 9pe3BEIYaHHYIO CHTYaHANO.
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INTRODUCTION (abstract of the dissertation of doctor of science (DSc¢))

The aim of the rescarch 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 software 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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