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SegmentationPipeline, SegmentatorBase та його реалізації

from abc import ABC, abstractmethod
from utils import get_available_gpu_or_cpu
from fastsam import FastSAM
from segment_anything import SamAutomaticMaskGenerator, sam_model_registry

import numpy as np

class SegmentationPipeline:
    def __init__(self) -> None:
        pass

    def load(self) -> None:
        self.models = {
            "Segment Anything": SamSegmentator("Segment Anything"),
            "Fast Segment Anything": FastSamSegmentator("Fast Segment Anything")
        }
    
    def get_available_models(self) -> list[str]:
        return list(self.models.keys())
    
    def segment(self, image: np.ndarray, model_name: str) -> np.ndarray:
        segmentator = self.models[model_name]
        return segmentator.segment(image)
    
    def common_mask(self, masks: np.ndarray) -> np.ndarray:
        result = np.zeros(masks[0].shape, dtype=np.uint8)
        for i in range(0, len(masks)):
            result[np.where(masks[i] == 1)] = i + 1
        return result
class SegmentatorBase(ABC):
    def __init__(self, name: str):
        self.name = name
        self.device = get_available_gpu_or_cpu()
        self.load()

    @abstractmethod
    def load(self) -> None:
        pass

    @abstractmethod
    def segment(self, image: np.ndarray) -> np.ndarray:
        pass

class SamSegmentator(SegmentatorBase):
    def load(self) -> None:
        self.model = sam_model_registry["vit_h"](checkpoint="backend\data\weights\sam_vit_h_4b8939.pth")
        self.model.to(device=self.device)
        self.mask_generator = SamAutomaticMaskGenerator(self.model)

    def segment(self, image: np.ndarray) -> np.ndarray:
        masks = self.mask_generator.generate(image)
        masks = [mask['segmentation'] for mask in masks]
        return np.array(masks, dtype=np.uint8)

class FastSamSegmentator(SegmentatorBase):
    def load(self) -> None:
        self.model = FastSAM('backend\data\weights\FastSAM.pt')
        self.model.to(device=self.device)
    
    def segment(self, image: np.ndarray) -> np.ndarray:
        results = self.model(image, retina_masks=True, imgsz=1024, conf=0.4, iou=0.9)
        masks = [mask.data.cpu().numpy()[0] for mask in results[0].masks]
        return np.array(masks, dtype=np.uint8)
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JlocaipkeHHA

e AKTyanbHIiCTb Ta CTaH PO3BUTKY ranysi

TexHonorii 06pobky 306paxeHb CTPIMKO PO3BMBaOTLCS, 3abe3neqyroyn BUCOKY TOYHICTb i LIBUAKICTL

cermeHTaLjii 06'ekTiB. BUKOPUCTAHHA HEMPOHHMX Mepex 3Ha4yHO MOKpaLlye pe3ynbTaTy, Lo pobuTb ix
BaX/MBVMU ANs 6araTbox cdep AisNbHOCT.

e Hanpsam agocnigkeHHs

AHanis MeToAiB 06p0o6KM 306paxeHb ANs aBTOMATUYHOrO BUAINEHHS Ta iAeHTUiKaLii 06'ekTiB. OCHOBHWMIA
aKLeHT Ha TOYHIi cermMeHTaLyii 3a AJONOMOrot HeiPOHHYIX MepeX Ta anropuTMiB 06po6ki 306paxeHb.

e O6'eKT AocnigXKeHHs

MeTozu 06pobku 306paxeHb ANs BU3Ha4eHH:A 06'eKTiB, 30kpema MeToan SAM (Segment Anything Model) Ta
Fast SAM Anst aBTOMaTU4HOrO BUAINEHHS Ta ifeHTVdiKaL|ii 06'ekTiB Ha LMPPOBMX 306paKEHHSAX.
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Orsisj tiTepaTypu (aHAJIOTIB)

Watershed - Lie MeTo/ cermeHTaLii 306paxeHsb, Lo 6a3yeTbca Ha
TonorpadiuHmx KoHLUenuisx:

* Po3rnajae 3Ha4YeHHS IHTEHCUBHOCTI MikceniB AK BUCOTUN B
TonorpagiuHomy naHawaTi.

¢ TeMmHi 061acTi - ONVHW, CBITNI 061aCTi - ropu.

Kntouosi eTanu:

* [MonepesHs obpobKa: rpajieHTHE 306paXeHHs, PO3MUTTS.
* Mapkepu: pOHOBI Ta 06'EKTHI MapKepu.

* 3anoBHeHHS BOAOIO: BiJ MapKepiB 40 YTBOPEHHS BOAOAINIB.
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Orsisig tiTepaTypu (AHAJIOTIB)

GrabCut - MeTOZ iHTEPaKTVBHOI cerMeHTaLlii 306paxeHsb, LWo
6a3yeTbCA Ha MOZeNi eHepreTUYHOI MiHimisaLii.

Kntoyosi etanu:

* TonepesHs o6pobKa: KOPUCTYBay BU3HaYae NpubansHy
o6nacTb 06'ekTa.

* TpadoBa Mogenb: 306pakeHHs NepeTBOPIOETLCS B rpad, Ae
BY3/I1 IPeACTaBNAOTL NiKceni, a pebpa - 3B'A3KM MiX HUMU.

* EHepreTnyHa MiHiMi3aLif: anropuTM MiHiMi3ye eHeprito Ans
po3gineHHs 06'ekTa i GOHY 3a AONMOMOro MeTozy
MaKCMasbHOro NoToKy/MiHIManbHOro po3pisy.
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Orsisj tiTepaTypu (aHAJIOTIB)

Segment Anything Model (SAM) - cyyacHUii MeTo/ cermMeHTaLlii 306paxeHb, Lo 6a3yeTbcs Ha
rNMG6OKOMY HaBYaHHI | MOXe cerMeHTyBaTV 6y/b-sIkNii 06'eKT B 306paXKeHHi.

Kntouosi ocobnmsocTi:

«  Mogenb Ha OCHOBI INMIMBOKOro HaBYaHHSA: BUKOPUCTOBYE BeUKI MonepeAHbO HaBYeHi Mepexi.
. YHiBepcanbHicTb: MOXe cermeHTyBaTy pi3Hi TUMK 06'eKTiB 6€3 cnevjanbHOro HaB4aHHSA ANs
KOXHOIO OKPEMOro BUMazAKy.
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Orsisj tiTepaTypu (aHAJIOTIB)

Fast Segment Anything Model (Fast SAM) - onTmMisoBaHWi1 MeToZ cermeHTaLlii 306paxeHb,
LLlo 6a3yeTbcs Ha Mogesni SAM, 3a6e3neuytoun LWBUALLY i 6iibL epeKTUBHY 06po6KY.

KntouoBi ocobnusocTi: W D)
FastsAM

40ms/img

. [epeTBOpeHHs 3ajauyi: 3aBAaHHS cermeHTaLlii ' -
nepedopMy/IbOBaHO sk reHepaLlisi CerMeHTiB i O}
nigkasok. 2099msfimg

« Mogenb: BuKopucTaHHs 3BrnyaiiHoro CNN
JleTeKTopa 3 riNKot iHCTaHLiiHOI cerMmeHTaLyji.

. HaBuaHHs: HaBYaHHA Mogeni Ha 1/50 yacTuHi
AaTacety SA-1B, ony6nikoBaHoro aBTopamu
SAM.
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[TocTaHOBKa 3aay4i

* TMpo6nema

IcHytoUi MeTOAN He 3aBXAM 3a6e3MeUyroTb BICOKY TOYHICTb i BUMararTb 3HAUHMX
064NCNIOBANIbHIX PECYPCIB, LLI0 06MEXYE iX BVUKOPUCTaHHS B MPUCTPOSIX 3
06MEXEHVIMY MOX/IMBOCTSMU.

* OuikyBaHi pe3ynbTaTtu

CTBOPEHHS cncTemMm 06pobKM 306paxeHb 419 cermeHTauii 06'ekTiB. Cnuctema byse
BMKOPWCTOBYBAaTY NepesjoBi MeTOAN 06po6KM 306paxeHb, 3abe3mneyytoun BUCOKY
TOYHICTb | epeKTUBHICTb. OUiKyBaHi pe3ynbTaTy BKIOUAOTh CTBOPEHHS 3pyYHOro
KOpUCTYyBaLLbKOro iHTepdericy Ta iHTerpaLjito Cy4acHMX TeXHOOrIN, 3 akLleHTOM Ha
NPOCTOTi BUKOPUCTAHHS Ta aAanTMBHOCTI A0 Pi3HNX CLeHapiiB.
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MeTonoJi0risa

MeToaun pocnigKeHHs

«  AHani3 niTepaTtypu Ta iCHyl0UMX MeTO/AIB: BUBYEHHS anropuTmiB Watershed, Segment Anything, Fast
Segment Anything.

- [MpoBeAeHHSs eKCreprMeHTiB: MOPIBHAHHA epeKTUBHOCTI Pi3HMX MeTOAIB cermeHTaLlii 06'ekTiB Ha
306paxeHHsIX.

«  OuiHka siKoCTi Ta LWBMAKOCTI 06pO6KM: BUKOPUCTaHHS KinbKiCHMX MeTpuk, Takux sik Dice Coefficient,
Jaccard Index, Ta 4ac 06po6ku.

«  IHTerpauis MeToaiB: Po3po6ka €ANHOI MporpaMHol cucTemy, Lo 3abesnevye rHy4ykicTb Ta
edeKTVBHICTb 06p06KY 306paxeHb.

IHcTpyMeHTapiii Ta TexHonorii

«  Python, PyTorch, FastAPI, Segment Anything Model, Fast Segment Anything Model
+  NextJS, React
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ApxiTeKTypa ciucTeMa i NIpOBeleHHA
eKCIIepUMEHTAJbHOTO JOCHIIXKEHHA

[<<gevicess
proxy

KnrouoBi KOMNOHEHTU

Rest API Server
o Segment Anything

o Fast Segment Anything
Fronted

o NextJS
o React
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Onuc nporpaMHOro 3abe3neyeHHs, U0
0yJ10 BAKOPUCTAHO y AOCIiP)KEeHHI

« [pouec po3pobku

Mpouec po3po6ku BKAOYaB TEOPETUYHWIA aHaNi3, NPOeKTyBaHHS apXiTekTypw, iHTerpaLiio MeToAie cermeHTauii

06'eKTiB, TECTYBaHHS Ta ONTVMI3aLlis.

« BubpaHi MOBW NporpamyBaHHs Ta ppeiiMBOPKM

o Python, JavaScript

o FastAPI, PyTorch, Next.JS, React
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3MICT IPOBEJIeHUX eKCIIEPUMEHTIB

« MeToaun
o Watershed
o Segment Anything
o Fast Segment Anything

*  BXigHi paHi
o Habip TecToBux 306paxeHb
o Mackn
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+  Kpwurepii
o Dice Coefficient
o Jaccard Index
o Yac 06pobkn

* MNocniaoBHIicTb
MpoekTyBaHHA

Miarotoska AaHUX
BripoBagxeHHs

3anyck TecTiB

OujiHKa SKOCTi cermeHTaLii
OLiHKa WBNAKOCTIi 06po6KM
AHanis pesynbTaris

0 0 0 o0 0 0 0o
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Pe3ysibTaTH eKClIepUMEHTY 1

[ina ekcnepuMeHTy 6yno BUKOpUCTaHo AaTtaceT SA-1B.
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Mopgenb Dice
SAM 0.9993
Fast SAM 0.9990
SAM on | 0.9993
downscaled (0.33)

SAM on | 0.9994

downscaled (0.25)
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0.945
0.876
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Pe3ysibTaTH eKClIepUMEHTY 1

Fast SAM SAM on 0.33 scale SAM on 0.25 scale
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Pe3ynbTaTy eKCIEPUMEHTY ¢

[ina ekcnepumeHTy 6yno BrkopuctaHo gataceT COCO.

Mopgenb Dice Jaccard Yac

SAM 0.988 0.852 121

Fast SAM 0.986 0.833 2.28

SAM on|0.979 0.783 3.83

downscaled (0.33)

SAM on|0.980 0.734 3.828
downscaled (0.25)
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Pe3ynbTaTy eKCIEPUMEHTY ¢

SAM on 0.25 scale
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AHaui3 OTpUMaHUX pe3yJibTaTiB

1. TouHicTb:
*  Mogenb SAM eMOHCTPYE HaliBULLLY TOUHICTb, pO6aaUN il ONTUMaNLHOK ANA 33ajaY, A8 KPUTUYHO BaX/INBI TOUHI
pesynbTaTi.

*  Mogenb Fast SAM Takox NoKasye BUCOKY TOUHICTb, TPOXM NMOCTyNauncb SAM, ane 3aN1LWAETLCA ePeKTUBHOL.

2. WBMAKICTL:
*  Mogenb SAM Ma€ 3HauHi 064NCIOBaNbHI BUTPATK i TPUBaNWiA yac 06po6ku.

*  Mogenb Fast SAM 3HauHO WBWALLA, WO PO6UTL ii NP1BabAMNBOK ANS 3aCTOCYBaHb, A€ WBWAKICTL BaX/IMBIlla 3a
MaKCManbHy TOUHICTb.

3. EpeKTMBHICTL NpU 3MeHLIEeHHi MaclTaby:
*  SAM 3i 3MeHLIEHMY 306paXeHHsSIMI MOKa3ye BACOKI METPUKN TiNbK1 y MepLIOMY eKCrepyuMeHTi. Y Apyromy
eKCNepuUMEHTI pe3yabTaTyi FipLui, a Ha 306paXeHHAX BUAHO rinepcermeHTaLlio.

4. KnacnuHi metogu:
*  Anroputm Watershed, NOpiBHAHO 3 MOAENSIMY FIMBOKOro HaBUYaHHS, MOKa3ye HeA0CTaTHIN piBeHb cermeHTauii i
He MOXe KiNbKICHO 06YMCANTY AKICTb Pe3ynbTaTiB, OCKiNIbKM He BUSIBNEHO 36iriB i3 Mackamu ground truth.
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[TizcymMmKu

®  PeanicTMUHICTb Ta KOPUCHICTb OTPUMAHUX pe3yNbTaTiB

OTpuUMaHi pe3ynbTaTh AeMOHCTPYIOTh BUCOKY TOUHICTE Ta epekTUBHICTL MoAeneit SAM Ta Fast SAM ans 3agay
cermeHTaLii 306paxeHb. Fast SAM 3a6e3neyye 36anaHcoBaHy NPOAYKTUBHICTb, MOKasyloun CTabinbHi pesynbTatn
Ha Pi3HNX AaTaceTax, Lo NiABMLLYE il KOPUCHICTL Y PI3HUX NPAKTUYHUX 3aCTOCYBaHHSAX. HeAoNIKM KNaChuHNX
MeTOZB, Taknx sk Watershed, NiATBepAXyHOTL NepeBary BUKOPUCTaHHS Cy4acHUX METOAIB IMME0KOro HaBYaHHsS
ANl CKNaJiHVX 3aBJaHb CermeHTaly

*  MoXIuBWiA pO3BUTOK AOCNiAKEHD

OnTMMi3auis Moaenei: 3MeHLEHHS 06UYNCN0BaNLHYIX BUTPAT 6€3 3HaUYHOI BTPaTW TOYHOCTI ANS BUKOPUCTaHHSA Ha
NPUCTPOSIX 3 06MEXEHUMI pecypcam.

YA0CKOHaNEHHS anropuTMiB: 3MeHLLEHHS rinepcermeHTaLji.

CermeHTaLlis Ha Bieo: po3pobka MeToAiB AN CerMeHTaLii 06'eKTiB y Bileo 3 TPeKIHroM Ans NoAaNbLLIOi 06po6KY,
110 PO3LIMPUTE MOXIMBOCTI 3aCTOCYBaHHS MOAENEN Y AMHAMIUHNX CLieHapisX.
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JIOCTTKERHS METOJIIB OBPOBKH 30BPAKEHb, METOIH
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This study examines image processing and object detection methods,
highlighting the transition from traditional techniques to advanced machine
leaning and deep learning models like CNNs. Despite CNNs® flexibility in
complex scene analysis, their high data and computational demands present
challenges. The Segment Anything Model (SAM) addresses these limitations by
excelling in diverse conditions and continuously improving with new data. This
work focuses on innovative automatic segmentation algorithms and simplifying
complex image analysis by using point coordinates for input to produce
segmented objects.

B enoxy widposix Texsomorili, 06racts 0GpoGKH 30GpaKeHs NoCTiliNo
€BOMONIONYE, IPOTIOHYIONH HOBI BUKIMKH T4 NEPCTIEKTHSH. 3aBIAKH NPOrpECY
B OBIACTE WITYMHONO IHTE/IEKTY T4 MAIIMHHOTO HABUAHHS, BIANOCH THAUHO PO3-
HDHTH NOAIHBOCT] AHANISY Ta IHTETDETANT BI3yATBHIX AQHNX.

OCHOBHA YBATa HOTO A0CITAEHHA J0CEPE/UKEHA KA METOTAX BIHAICHHS
0G°€K1iB y 300P@AEHHSX, KHTHTHOMY KOMIOHEHTI Y PI3HIX JACTOCYBAHHAX —
BUL CHCTEN ABTOMTHNHOTO BI3YATHHOTO BHABICHHS 710 PO3POOKH iHTEpaKT
HOTO MYABTHMEAIIIHOTO KoHTEHTY. LpeKTHBHE BUIHACHHA 0'€KTiB Bitirpac
KIOOBY Ot Y POTBHTKY IHTEAEKTYQIbHIX CHETEN, IO MOKYTH Q1NTyBATHES
Ta PEaryBaTH Ha CBOE BI3YAIbHE CEPCAOBMILE.

'V oMy J0CATTKEHHT POSIIATAIOTHCA Pist AATODHTNI Ta MIAXOH, 30K-
DeMa, BUKODHCTAHHS HElIDORHIY MEDEA /UIA TONHOTO BHSHANCHHS 00'€KT.
Metoio € ouitka edeKTHEHOCTI X METOS Ta IXHBOTO HOTEHNIATY /U1A BHDI-
ICHHA IDAKTHHIX 3a81QHb.

V' cdhepi 06poGKN 30GpEKEHb iCHYE MHOKHH NVNOAS 10 cervenTauii
ClgHH, KOEH 3 AKIX MA€ CBOT yHIKAbHI IEPEBAII T2 OOMEAKEHIS, FAIEAHO BIA
KOHKDETHIIX 3812H5 | YMOB 3acTocyans. TPAIMNIIHI METOTN, TaKi 3K 0o~
ToBa cervenTauis, KiacTep3aNis Ta MOpGOIOTiHMI aKan3, A03BONHIOTS epe-
KTHBHO BIILISTH O5'EKTH HA S0GDAKCHHAX 3 BUIHOCHO IPOCTHAM 250 OTHOPIA-
i oav. OJIHAK, BOHH HACTO Sa3HAIOTH HEBIA 1P POGOT] 3i CKIATHMNK
cuenawn, ¢ 05"eKTH Ta (JOH MOKYTH MATH CXOKi XaPAKTEPHCTHKH G0 KON
0G°€KTH NEPEKHBAIOT OH OIHOTO. 3 HIIOTO GOKY, CyaCH] METOM, HCHO-
Basi Ha MALIMHHOMY HABYGHHI Ta FIHGOKOMy HABYGHH, TaKi AK KOHBOMOUIHHI
neiiponni Mepexi (CNN), IDONORyHOTh Gitbil THy'IKi T8 NOTYKHI pinieHrs s
amaniay Ta pOsYMHHA CKIATHIN 300DEAEH 32 /IOTIOMOTOK) BUBUCHHS BHCOKO-
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pisnesix aberpakuiii B tanux. BUKOPHCTAHHA TAKHX METOAIB BIIKDHEAE HLINX
10 CTBOpEHIS ANQITHBHAX CHCTEM, SAATHIX TOHO ACHTHIKYBITH T Corven-
TYBATH 05" €KTH HEIAICKHO BIA SOBHIIIKIX YNOB 60 PisHS CKIAHOCTI ClieHH
OjHaK. TIONPH MOTYAHICTS Ta THY'KICTS, 5K IPONIOHYIOTh KOHBOmOWIHHI Heil-
ponni mepexi (CNN) y 06aacti 0GOGKH 300pakesb, BOHM MAKOTH ACAK] HEA0-
. Beski OGCATH 1AHIX Ta BICOK] OGUHCIOBATLHI BUMOTH 1% ebexTHBHO-
1O HABANHA MOKYTH OGMEAYBATH iX 30CTOCYBAHHS, OCOBIEQ B YMOBAX 3 00~
Memenmn pecypeasi. Kpist 1010, CNN MOKyTS 3iTkHyTHes 3 TPy AHOW@MH
npH ananTauii 10 HOBHX YNOB aG0 BapiaNiii y 30BHILIHOCTI 06"€KTiB, 1O BN~
TA€ HACTOrO NIEEHABNANIS MOZET /UIA MLATDHAKH BHCOKOT TOWHOCT] pOsnisHa-
sasns. L OGMEAEHIA NVIKDECTIONOTS MOTPEGY B PO3POCIT GLIbLI ATNTHBHIX
METOis cervenTauii, 1aTHiY edexTHHO NPALIOBATIH B MHAMIHIX 200 Hene-
DenGartyBani BisyansHiX yMoBaX

3CT0CY BAHHS TEXHOOTili LITYHOTO THTENEKTY BIAKDHBAE HOB FOPIH3OHTH
¥ posyvisi Bi3yansHOTO KOHTEHTY, 3a0e3neuyIoNH PeBOMONIiKI NiAXOMH 10
ioro 06poGkn Ta ananisy. Owicio 3 NEPEIOBIX POIPOGOK y wili Tany3i € Mo~
Jies Segment Anything Model (SAM), #ka 7eMOHCTPYe BpaaIo pesyasrar
¥ cervenauii 06°extis 1a 306paxenHA. LIt MOZENS BUKODHCTOBYE NDHHIIH
TAHGOKOrO HaBNANIA U1 ATANTAN TA BHACHHS 05 €KTIS Y PIHOMAHITHIX
YMOBAX, OB T HE3QMIHHIN IHCTPYMEHTOM Y LIMOKOMY CHEKTPI 3acToCy-
bass. Ocosna nepesara SAM nO7Arac b if 310THOCTI HABMATHCA 3 IMPOKOTO
Alanasoy AQHHX. MOCTIiHO HOKPAILYI0MHCh 3 0GPOGKOKD HOBH 300PAKEHS.

L% poGora 30cEpe IKeHa HA BHBUCHH] Ta 3ACTOCYBAHH] IHHOBALIHMX MO~
Jeneit aBToMaTHIHOT cerveHTani 06 €K Tis Ha 306paKenHAX. BXIAHIMH AaHINH
10 PO3POGAIOBAHOT CHCTEMH € KOO HHATH NIEBHOT TO'KH Ha 300paxcHHi, a b
XO10M € NOBHICTIO cervenTOBaMMIi 00'eKT, iieHTHpIKOBAHMIE i€ TOUKOK.
Leii NI 03804 TONHO. BUSHANATH OG'€KTH HA CKIATHMX 00DIKEHHAX,
3HAUHO CIPOLLYIONH IpOLIEC OGPOGKH Ta aHANI3Y BisyaTbHOT isdopwawii. Buko-
PHCTaHHA THGOKOrO HABUAHHA B MOZEAAX CermeHTaIT, #K-0T SAM. BiAKpHBAE
HOBI MOKIMBOCTI /L1 CTBOPCHHS QAQITHBHKX CHCTEM, 3AaTHHX edEKTHBHO
IPALIOBATH 3 PIHOMAHITHINI THIAMH 06DAKEHS | CLIEHADISNI JACTOCY BAHHS.

Ciucox BHKOpHCTAHIX /DKEpEn
1. Image Segmentation: Principles, Techniques. and Applications / Tao Lei,
Asoke K. Nandi, 2022. - 297 c.
2. Segment Anything [Enexrpornuii pecype] / [Alexander Kirillov, Eric
Mintun, Nikhila Ravi 1a in]. — 2023. — Pexu noctyny 1o pecypey
hitps://arxiv.org/abs/2304.02643
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