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TEXHOJIOI'IA MACIITABOHE3AJIEXKHOI'O IIEPETBOPEHHSA
O3HAK 30BPA’KEHb

P. T'. 3auepkoBHuit

Yxpaincoka akademis opyrapcmaa,
eyn. 11io Tonockom, 19, Jlveie, 79020, Ykpaina

Po3’sacneno cyms 3a0aui giocmedicenusi 00 ’€xmie y mencax eany3i KOMn 10mepHo2o
30py. ObtpyHmosano HeoOXiOHicmb po3poOKU CReyiani3o8anux anreopummis, aoanmo-
8aHUX OJis1 BIOCMEdNCEHHST 00 '€KMI6 Ha npomueazy 8ussients 00 'ekmie. 30iticneno ghop-
manizosanuil onuc ancopummy SIFT ona macumabonezanencno2o nepemeopeHisi O3Hax.
Onucarno eadxcaugicms iH8apiaHmHoCmi 300pasiceHv Woo0o nepemiwjerts i macuimady ma
cghopmosano npoyec CmeopeHus IHBapiaHmMHUX 300pasicens yepes QyHKyio aaniaciany
rayciana. 30iiCHEHO MeopemuyHUll ORUC KONCHO20 KPOKY HPOZPAMHO20 AA20PUMMY.
Onucano modicnugi 2any3i GUKOPUCTAHHSL ANICOPUMMY.

Knrouosi cnosa: mawunne nasuanws, siocmedceHHs 00 ’ekmis, computer Vvision,

SIFT.

ocTranoBka npodjemu. OHa 3 OCHOBHHUX 3a/lad KOMIT IOTEPHOIO 30py — 6i0-
cmediceHHs: 00 ’exmig, O NEPEMIILYIOTECS B MEXax JEKIIbKOX (oTtorpadiit abo Bimeo-
kaapiB. Llg 3amada BUKOPUCTOBYETHCS B Taly3sx nomirpadii, BiI€OCHOCTEpEKEHHS,
POOOTOTEXHIKH, BIpTyalbHOI peasbHOCTI, PO3pOOKH OE3MiJIOTHUX aBTOMOOLNIB TOLIO.
Xo4a Jiesiki eKCIepTH BBAXKAKOTh, 0 [T BiZcTexXeHHs 00’ eKTiB (object tracking) MoxxkHa
3aCTOCOBYBATH HasiBHI METOOM BUSBIECHHsS 00’ekTiB (object detection) 3 AeIKMMHU HE3-
HAYHUMHU 3MiHaMH, IIiJ] 9ac 00pOOKHU Billeopsay 3’ SBISIOTHCS JTONATKOBI MTPOOIeMH, SKi
NoTPiOHO BpaxyBaTH y MPOLECi PO3POOKH aIrOPUTMY, HAIPUKIIAM:
— 00’€KTH MOXXYTb 3HUKATH 3 BiICOPSAY 1 3TOJIOM 3HOBY 3 SIBIISITHCH Y HBOMY;
— 00’€KTH MOXYTb 3MIiHIOBaTH pO3Mip, HaXUJ 200 OCBITJIICHHS B MEXaxX OJHOTO Bi-
PAON
— 00’€KTH MOXXYTb HECIIOiBAaHO MIEPETUHATUCH OJMH MK OHUM;
— TOLLO.
Xo4a JIIoInHA MOYKE JIETKO MOPIBHATH JIEKiIbKa 300pakeHb 1 Bi3yalbHO BUIUINTH Ha
HUX 00’ €KTH 200 BIACTEXUTH PyX 00’ €KTa B MEKaX OHOTO BiZ€O3aMHUCY, KOMIT I0TCpHHUN
AITOPUTM HE Ma€ «iHTYITUBHOIO» 3HAHHS IPO NPUPOLY 300paXKeHHSI.
HaiimonynspHimumm criocodoM BU3HAYEHHS 1 3ICTaBICHHS 00 €KTIB € BHSBICHHS
TaK 3BaHUX KJIFOYOBHX TOUOK — OCOONMBUX TOYOK, SIKi CTOCYIOTHCS] IEBHOTO 00 €KTA 1
MOXYTb OyTH BUKOPUCTaHI Ui HOro ineHTudikauii Ha iHmux 300paxeHHsx. s Bu3Ha-
YEHHS Ta OIUCY TAKUX TOYOK BUKOPUCTOBYIOTHCS QJITOPUTMH KOMIT IOTEPHOTO 30Dy, OA-
HUM 3 SIKHX € MacIiTaboHe3ale)KHEe IEPeTBOPEHHS 03HaK (scale-invariant feature trans-
form, SIFT).
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Mera cTaTTi — JETaJbHO ONMCATH AITOPUTM MAacCIITa0OHE3aJIe)KHOTO MEPEeTBO-
PEHHS 03HAK 300pakeHb Ta OOIPYHTYBAaTU HEOOXiTHICTh HOr0 BUKOPUCTAHHS sl BUPi-
LICHHS 3aBJaHb KOMII IOTEPHOTO 30DYy.

Bukiiax ocHOBHOTO MaTepiaay qocaimkenns. 3aranom B anroputmi SIFT € qotu-
PH OCHOBHI KPOKH:

CTBOPEHHsI MacIuTabo-iHBapiaHTHUX 300paKeHb;

— JIOKaJIi3alisl KJIFOYOBUX TOUOK;

Opi€eHTALlisl KIIIOYOBHUX TOYOK;

CTBOPEHHSI OTHUCY KIFOYOBUX TOYOK.

JertanbHinie po3mIsTHEMO KOXKEH 3 UX KPOKiB.

[lepmmit KpoK poOOTH ANTOPUTMY IOJISATAE B IEPETBOPEHHI 3BUUAITHOTO 300paKeHHS
B 300pakKEHHsI, O3HAKHU SIKOTO € 1HBapiaHTHUMH 10 IepeMilleHHs Ta MaciTady. OTxe,
SIFT nmo30yBaeTbcsi HEOaXKaHOT XapaKTEPUCTHKH ACAKHUX IHIIMX aNTOPUTMIB: Xapakrte-
PHUCTUKH 300pa’keHHs (KyTH Ta 1H.) MOXKYTb BiAPI3HATHCH MPH 301UIbIICHHI MacIITaly;
HaNpHKIIad, KyToBa XapaKTEPUCTHKAa MOXKE IIEPETBOPUTHCH Ha NEKiNbKa JiHIH, a iHIIi
XapaKTEPUCTHKH — 3’ SIBJSITHCH a00 3HUKATH.

3 METOI0 CTBOPEHHS iHBapiaHTHOTO 300paKeHHs 00UMCITIOEThCS (DYHKLIS Jaruiacial
rayciana (LoG) mysa BXiTHUX JaHHX, IO OTPUMYETHCA B PE3yJbTarTi oneparii 3ropTKH
(convolution) 306paskenns / (x, y) 3 AOpOM TayciaHa:

L(x,y,a) = G(x,y,O')-I(x,y);
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L5 omeparist mepeTBOpIoe 300paKeHHs Ha PO3MUTE, IIPU LIbOMY BUKOPUCTOBYE I1a-
paMeTp o U PEryJioBaHHS CTYIEHS PO3MUTTA: IO OilblIe 3HAYSHHs IapaMmeTrpa, TO
MEHIIA YiTKiCTh KiHLEBOTO 300paKeHHS. Y MOAAJIbIIOMY 3HaXOKEHHs KpaiB Ta KyTiB
pi3HUX Giryp 3AiHCHIOETHCS 3a JOMOMOTOI0 OOYHCICHHS! CYMH MOXiTHHUX JIPYroro Io-
PAAKY Ul BXITHOTO 300paXKCHHS, TaK 3BaHMX JarulaciaHiB. 3a3BUYail el KPOK JEIo
CHPOILIYETHCS Yepe3 BUCOKY OOUMCIIOBAIBHY CKIaIHICTh. 3aMiCTh HOXIJHUX OOUYHCITIO-
I0ThCSI PI3HULI T'ayciaHiB — BIAMIHHOCTI M I'ayCiaHOBUMH PO3MHTTSIMU 3 JBOMA Pi3-
HUMH 3HAYCHHSIMHU 0. 32 IOTIOMOT0I0 TIOPiBHSAHHS 3HAYCHb JACKIJIBKOX PI3HHULD allpOKCH-
MYIOTBCSI 3HaU€HHsI HEOOX1IHUX MOXiAHUX APYTOTO PiBHA.

Ha npyromy kpoui poOOTH anropuTMy KJIF040BI TOUKH, a cCaMe JIOKaJIbHi eKCTPEMYMH,
JoKanizytoTbes. Llel npouec ¢pakTuyHOo nossirae y (inbTpalii Tak 3BaHUX HEJOCTATHBO
JIOKaJT130BaHUX KIFOYOBUX TOUOK, SIKI JIEXKaTh B3IOBXK Kpalo JIiHil a00 HeAOCTaTHHO KOHT-
pacTHi, TOMy HE MarOTh LIIHHOCTI AJIs1 pOOOTH aITOPUTMY.

Anroput™m SIFT BuKOpHCTOBY€E 3HaueHHs psny Teinopa Apyroro NopsaKy y KIlro-
YOBUX TOYKaxX 3 METOI0 (inprpauii. SKmo 3HaYeHHs HE MEPEBUILYE NCSSIKUHA 3alaHui
nopir (3a3Buuaii e 0.03), To KIIF0Y0Ba TOYKA BiIKUIAETHCS:
dp" 1 ,d’D"
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Puc. 1. Taycianu 300paxenss 3 6 =31 0 =5 ta pi3HHIS MK HUMH

KpiMm Toro, BiIKuIarOThCS KpailoBi TOUKH, 0araro 3 sSKHX 3HAXOMATHCS IIiJ] Yac ari-
pokcuMartii 3 BukopuctanHsaM DoG. Jliis moraHo BU3HAYSHUX KPaOBUX TOYOK 3HAXO-
JIATH CJIiJI Ta BA3HAYHUK MaTpHIli Xecciana nqpyroro nopsaky. HemocrarHeo okanizoba-

2

HUMH BBaKAIOTHCS KPaoBI TOYKH, JUIsl IKUX BiTHOLICHHS

HE TePeBUIIYE iHIIe
. et
MTOpPOTOBE 3HAUYEHHS; 3a3BHuyail r = 10. (H)

_ Dxxny
DXJ’D)’)’

b

Tr(H)=D, +D,;
Det(H)=D,.D, —D;,.

Tperiii KPOK MoJsArae y MPUCBOEHH] KOXKHIHM KITIOUOBiM TOUL Opi€HTaLii 3 METOIO
JOCATHEHHS 1HBapiaHTHOCTI IIOJO0 MOBEPTaHHs 300pakeHHs. [HaKmie KakyuyH, Xapak-
TEPUCTHKH HE NOBUHHI 3MiHIOBATUCH y 300pa)KeHHSX, 1€ MPEAMET PO3TAIIOBAHUH i
IHIIAM KyTOM. JIJ1s1 IbOTO 3YMTYIOTHCS AESAKI CyCiTHI TOUKHU 3 KIIOYOBOIO (iX KiJIbKICTh
3aJIeKUTDH BiJ MacTaly 300pakeHH:), i B IIbOMY PEriOHI OOYHCIIOETHCS TPATi€HT —
PI3HULA MK LEHTPAJIILHOIO Ta CYyCiIHIMH TOYKaMH. 3a3BHUYail TpafieHT OOYHUCITIOETHCS
JUTSL yCiX Bapiailiii MoBOPOTIB CYCiHIX TOYOK, /Ui 301IbIIEHHS TOYHOCTI 3iCTaBICHHS
XapaKTEPUCTHKH 30epiraeTbcs HAMBUIINH 3 YCIX OTPUMAaHHUX.

Ha ugetBepToMy 1 OCTaHHBOMY KPOLi CTBOPIOETHCS ACCKPHUIITOP XapaKTCPUCTUKU:
OepeThCst perioH po3MipoM 16 Ha 16 mikceniB 1 PO3AUISETHCS Ha MiAOIOKH PO3MipOM
4 Ha 4. [l KokHOTO MiAOIOKa CTBOPIOETHCS TicTorpama, sika 30epiraeTbes y BUINISAL
BEKTOPA 1 B MOJAJIBIIOMY BUKOPHUCTOBYETBHCS [UIS 31CTABICHHS XapaKTEPUCTHK 3 IHIINMHU
300pakeHHssMHU. Ha ipomy eTarti poOoTa anropuTMy 3aBepIIy€eThCs.
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3icTaBieHHS XapaKTEPUCTHUK MK IBOMa 300paKCHHSIMHU BUKOHYEThCS 38 I0TIOMOT 010
ANTOPUTMY HAaHONMKYIMX CYCifiB — KOXKEH TPali€eHT 3 OAHOTO 300pakeHHS II0YEProBO
MOPIBHIOETHCS 3 TPAAi€EHTaMH 1HILOTO, 1 y BUNIAAKY 3HAXOKEHHS OJIM3BKOTO CyCifa ABa
TPaJi€HTH 3iCTABISIIOTHCS. Y JESKUX BHUIIAAKAX APYTUH HAHOMMKUYMH CYCiZ CXOXKHUM Ha
nepmuii (BHACHIAOK IIyMy a0o 3 iHIIMX NMPHYHUH), aje nepedyBae 3HAYHO AaJbILe Bix
nepuoro. Y TakoMmy pasi rpaJi€eHTH He 31CTaBIISIOTHCS B3arai.

Puc. 2. IlIpuxnan po6otu anropurmy SIFT mis 3ictaBieHHs 1BOX 300pakeHb

BucnoBku. Bracninok 3matnocti SIFT 3Hax0oquTn XapakTepUCTUKH 300paKeHHS,
iHBapiaHTHI BITHOCHO MEPEMILICHHS, MaclTady Ta HOBOPOTY 300paK€HHS aJTrOpUTM
IIMPOKO BUKOPHCTOBY€ETHCS Y Taily3i posmizHaBaHHs 00’ ekTiB. Cepen iHIIKX Tady3el, ae
BukopuctoByeTbes: SIFT, € manopamua ¢otorpadis, podbororexnika, 3D-MonentoBanHs
Ta iHII 33/1a4i KOMI FOTEPHOTO 30DY.

CIIMCOK BUKOPUCTAHMUX UKEPEJI

1. Ives Rey-Otero, Delbracio M. Anatomy of the SIFT Method. Image Processing On Line.
2014. Vol. 4. Pp. 370-396.

2. Lowe D. G. Object recognition from local scale-invariant features. Kerkyra, Greece : IEEE,
1999.

3. Lowe D. G. Distinctive Image Features from Scale-Invariant Keypoints. International Journal
of Computer Vision. 2004. Vol. 2. Pp. 91-110.

4. OpenCV. Open Source Computer Vision Library. 2015.

5. Lindeberg T. Image Matching Using Generalized Scale-Space Interest Points. Journal of
Mathematical Imaging and Vision. 2015. Vol. 52. Ne 1. Pp. 3-36.

REFERENCES
1. Ives, Rey-Otero, & Delbracio, M. (2014). Anatomy of the SIFT Method: Image Processing
On Line, 4, 370-396 (in English).
2. Lowe, D. G. (1999). Object recognition from local scale-invariant features. Kerkyra, Greece :
IEEE (in English).



78 KBAJIUIOTIA KHUTY * 2020/ 1 (37)

3. Lowe, D. G. (2004). Distinctive Image Features from Scale-Invariant Keypoints: International
Journal of Computer Vision, 2, 91-110 (in English).

4. OpenCV. Open Source Computer Vision Library. 2015 (in English).

5. Lindeberg, T. (2015). Image Matching Using Generalized Scale-Space Interest Points: Journal
of Mathematical Imaging and Vision, 52, 1, 3-36 (in English).

doi: 10.32403/2411-3611-2020-1-37-74-78

SCALE-INVARIANT IMAGE FEATURE TRANSFORMATION
TECHNOLOGY

R. H. Zatserkovnyi

Ukrainian Academy of Printing,
19, Pid Holoskom St., Lviv, 79020, Ukraine
zatserkovnyi.rostyslav@gmail.com

Object tracking in computer vision is the task of tracking of an entity such as a
person, a car or another moving object through a video feed or series of images. Object
tracking algorithms are used in the fields of video surveillance, robotics, virtual reality,
self-driving cars and other high-tech industries, making it one of computer vision s most
frequently used problems. Although sometimes object detection algorithms can be used
for object tracking problems with relatively minor modifications, many additional issues
are known to arise in object tracking, the main one among which is the need to track
an individual object without regard for its scale, position, or rotation within an image.
Commonly, this is done through identifying so-called “keypoints” within an image that
best describe an object, and then using them to identify the same object in other images.
However, many computer vision methods rely on the images that are being compared
having a similar scale or rotation, and even minor changes in illumination can signifi-
cantly impair the effectiveness of an algorithm.

In this article, the SIFT (scale-invariant feature transformation) algorithm often
used for keypoint detection is described. Theoretical steps of the algorithm — the creation
of scale-invariant images, the localization of keypoints that achieves scale invariance,
the orientation of keypoints that achieves rotation invariance, and the turning of key-
points into a gradient descriptor — are denoted. Matching of key points between two
images through the nearest-neighbor method is described, and practical examples of
the algorithm’s step-by-step operation are displayed. Finally, general comparisons are
made between SIFT as well as other keypoint detection algorithms that do not satisfy the
requirement for scale-invariance.
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