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Introduction of a content-adaptive image downscaling method for pixel-
art usage. The key idea is to optimize the shape and locations of the
downsampling kernels to better align with local image features. Content-
adaptive kernels are formed as a bilateral combination of two Gaussian kernels
defined over space and color, respectively. This yields a continuum ranging
from smoothing to edge/detail preserving kernels driven by image content. This
1s technically realized as an iterative maximum-likelihood optimization using a
constrained variation of the Expectation-Maximization algorithm. The main task
of this algorithm is creating pixel art images from raster or vector graphics in-
puts, due to its ability to keep linear features sharp and connected.

MacmtabupoBaHue SIBI€TCS OAHOW M3 HanbOoJee 4acTo HCHOJIb3yeMOU
oreparueil n3o0paxkeHus HajJ n3o0paxkeHneM. B HacTosmiee BpeMsi peIko MOX-
HO BCTPETUTH QoTorpaduio B €€ M3HAYAIBLHOM paszpenieHuu. Yarie Bcero npu
dboTocheMKe ToJlydaeMoe H300paKeHHE YMEHBIIAIOT J0 Topa3 0 MEHBIIUX
pa3MepoB AJisl MPOCMOTpPa Ha BUIOMCKATENE KaMmephbl, HA KOMIBIOTEpE, CMapT-
done unn B Matepuere. Cranmaprom ae-GakTo Jjis MacmTaOMpOBaHUS H30-
OpakeHus SBISIIOTCS TUHEHHbIe GUIbTPhI[1], a caMbIM POCTHIM U3 HUX SIBIIS-
eTCs mporeaypa cyoauckperuszanuu (puc 1,0).

B nannom cnyuae, u B ciiydae JTUHEHWHBIX OMKyOMYeCKuX (GUIBTPOB, U30-
OpakeHHE CHayajla CBOPAYMBAIOT C HU3KOYACTOTHBIM SAPOM, YTOOBI YMEHbB-
IIMThH TOJIOCY MPOIYCKaHUs A0 TOTO, KaKk OHO OYIET MOBTOPHO MEpPEAUCKPUTE-
3UpPOBAHO JI0 OKOHYATEIbHOro paspeuieHus. JlaHHas (uiIbTpanusi OMycKaer
M300pakeHne HWXe 4acToThl HaillkBhCTa M TpeqoTBpaliaeT HaJIOKEHHE CIEeK-
TPOB, HO B Kau€CTBE MOOOYHOTO 3(hPexTa MOKET OBITh yTEpsiHA MEJIKas IeTalu-
3anMsi, a B OMKYOMYECKHX (UIBTpaX MPOUCXOJUT Pa3MBITUE OCTPBIX KpaeB
(puc 1,B).

[TockonmbKy BCE 3TH METOJBI SBISIOTCS KOHTCHT-MHBApUAHTHBIMU (T.€.
OHHU WCTIONB3YIOT MHBAPUAHTHBIC SAIpa), KOMIPOMHUCC MEXKIY COXpaHCHHUEM e-
TaJel U MpeloTBPaLICHUEM CTIIaKUBaHUs CI0XKHO coOmocTu. Hamu npensoxxex
aJIaNTUBHBIN aNrOpUTM MaciTabupoBaHus. Kak W B KIIAaCCHMYECKHX METOJaX,
BBIXOJTHBIC TTUKCEIIM BBIYUCIISIOTCS KaK B3BEIICHHAS CYMMa BXOJIHBIX TTHKCETIEH.
OTO0 MOXXKHO MHTEPIPETUPOBATh KaK COMOCTABJICHHE Spa YCPEAHEHUS C KaxkK-
JIBIM BBIXOJHBIM TiUKcesieM. OCHOBHAs UJesl aifOPUTMA — aIallTUPOBATh (opMy
ITUX SIJIEP, YTOOBI JTyUIlle COTIacoBaTh MX C JOKAIbHBIMU (DYHKITUSIMU HU300pa-
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»keHus (puc. 1, r).

Pucynok 1 — CpaBHEeHUE METOAOB CXKaTHsI U300paKEHUIN
a — ICXOJIHOE M300pakeHue, 0 — CyOIucKpeTH3aIus,
B — OMKyOnyeckuil puibTp, r — OraTepaibHblid (GUIBTD,
1l — aJanTUBHBINA QUIBTP)

B3sB 3a OCHOBY MeToabl OunMTEpanbHON (uiabTpanuu [2] U METOIbI
cpenHero casura [3], Mbl MCHOJB3YEM Sipa, KOTOpPbIE MPEICTABISIOT COOOM
KOMOMHAIIMIO MPOCTPAHCTBEHHOI'O T'ayccoBa siApa, 00ECNEeYMBAIOIIETO JOKaIb-
HYI0 00paboTKy, U raycCOBO PO LIBETOBOTO IMPOCTPAHCTBA JJIS afalTalllud K
coaepkumoro uzodpaxkenus. llpocras mapamerpuueckass gopma 3TUX sIEp
o0ecrieunBaeT XOPOIIUKA KOMIIPOMHMCC MEXIY HEOOJIbIIMM KOJUYECTBO Iapa-
METPOB ISl ONITUMHU3ALIMU U JOCTaTOUHYIO THOKOCTh JUIsl BBIJEJIEHUS OCHOBHBIX
dbopm Ha N300paKEHUH.
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