Eigenfaces: Kak aropmuTM y3Ha€T JINIIO

Ilocmanoska 3a0auu

B 1991 r. Marteio Tépk n Anexc Ilentimann n3 MIT nmocraBunn
IIPOCTOI BOIIPOC: MOXCHO JTU 06YyUUmMb KOMNbIOMep Y3HA6AMb JTUYO,
He npubezas HU K KAKUM CNeYUarbHbiM «TUYEeEbIM» NPUSHAKAM —
HOCY, enasam, KOHmypam, — a npocmo pabomas ¢ mampuyeti nukK-
ceneti? Ix oTBeT — MeTOM COOCTBEHHBIX JINIL (eigenfaces) — cram

KJIACCUKOIL 11 OTKPBLI LIeJyIo 06IacTh computer vision.
Wnes: xkaxnas ¢poTorpadus auma — 3T0 TOYKA B OU€Hb MHOTI'O-

MepHOM MpocTtpaHcTBe. Hanmpumep, o 64 x 64 — 3To BekTOp
muHbl 64 - 64 = 4096 B mpoctpanctee R19%. Mpyx pasmbx
JIOfell CHUMaJI MHOTO pa3 — II0JIy4aeM OO0JIAKO TOYEeK B 3TOM

IIPOCTPAHCTBE.
I'maBHOe HabIIOMEHNE: 910 06/1aK0 0UeHb y3Koe. XOT IPOCTPaH-

ctBo 4 096-MepHOe, peasbHBIE JMIA 3aHMMAIOT B HEM IIOAIIPO-

CTPAaHCTBO pasMepHocTM Bcero ymiab ~ 50. Haiitu aro moampo-

CTPpaHCTBO — I €CTb 3agaya.
Olivetti faces: 40 yenoBek x 10 mo3 Kaxporo (rIoka3aHo 1o 1 Kkaxgpy)
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[lae 1. Cpednee nuyo u yeHmpupogarue

ITyctb y Hac N dororpadmit z, ...,z € RY (tme d = 4096 s
64 x 64). Beruncnum cpegHee JINIO:

F== Zx (1)

Puc. 0.4. parment maracera Olivetti Faces: 400
¢ororpaduit 64 x 64 nukcens, 40 yenosex mo 10

CHMMKOB Kakporo. Kaxnas dororpadus — touka B
R4096



EIGENFACES: KAK AJITOPUTM Y3HAET JIUIO

U BBIUTEM ero M3 KaXAOoro maobpakeHus: I; = x; — £. Cpednee
nuyo (puc. 0.5) — 3T0 padMbITas Macka, B KOTOPOI BUSHO «JIVI[O
BOOOIIIe»: yCpeAHEHHBIE IJ1a3a, HOC, POT, oBal. [lajbiile MbI OyneM

pa60TaTb TOJIBKO C OTKJIOHEHUAMI OT 3TOTO CPENHETO.

CpenHee JULO

Puc. 0.5. Cpennee muro o 400 cHMMKaM faracera
Olivetti.

[ae 2. I'masHvie HanpaseHUs

usmeHdueocmu

CobepéM LEeHTpUpPOBaHHBIE M300pa’keHUsI B CTPOKM MATPUIIBI
X € RVN*? (opna CTpoKa = oxHo yuio). [Ipumenum k Heit SVD:
X=UXV. (2)
Kaxpgas cmpoka v, matpuisr V. — 310 BekTOp mmuHBI d =
4096, KOTOpBIT MOKHO HAapUCOBATh KaK KapTuHKy 64 X 64. 9tu
KapTUHKY 1 Ha3bIBAIOTCSI COOCTBEHHBIMM JIniaMu — eigenfaces
(puc. 0.6). ComepsxaTenpHO:
+ v, — HaIpaBieHMe HanboJbIIeN M3MeHunBoCTH. Yarie
BCETO 9TO «OCBEILIEHNE CIIEBA/CIIPABa».
s v, — HaIpaBJleHIe BTOPOJL I10 BeJIMUNHE N3MEHUNBOCTA
(dacTo «yJbIOKa / He YJIBIOKa»).
* Vg,... — IIOCTeIIeHHO 60Jlee TOHKIE IIPU3HAKM: OUKH, (op-

Ma II€K, HaKJIOH T'0JIOBBI, MHOVBUAYAJIbHBIE 0COOEHHOCTIL.
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EIGENFACES: KAK AJITOPUTM Y3HAET JIUIO

Ilae 3. JIuyo kak eexkmop u3 50 uuces

3agpuxcupyem k (06sruno k = 30 + 100) u cipoekTpyem Kaskgoe
JINLO X Ha 3TN k COOCTBEHHBIX JIVILL:

;= (z — 7), i=1,..k. (3)
Hosyunnu Bexrop Koaddunmentos o = (ay, ..., ;) € R*. 9ron
€CTh «JIMIIO YeJIOBeKa» C TOUKM 3peHus anropurma — ecezo H0

yuces BMecto 4096.

[llae 4. Pacho3nasaHue u peKOHCMPYKYus

PacmosnaBanme. YTo6s! y3HaTh, KTO Ha HOBON (ortorpadun y,
BbIuncanM eé koapoduiments: B mo (0.6) n Hainém B 6ase Giu-
Kartiiero cocefia: j = argmin; || 8 — o |.
PexoHcTpykums. 3Has (v, MO)XHO BOCCTAHOBIUTD JIUIO:
k

TRT + Z o, ;. (4)

i=1
Puc. 0.7 mokassIBaeT, Kak KaueCTBO PEKOHCTPYKLIMM PaCTET ¢ k.

OpHUTHHA k=1 k=10 k=50 k=150 k=400

Puc. 0.6. Ilepssre 12 eigenfaces maracera Olivetti, or-
pucoBaHHbIe KaK KapTuHKM 64 X 64. 9Tu crpaHHbIE
«IIOJIY-JIMIIa» — KOOPAMHATHBIE OCU B IIPOCTPAH-
CTBe, I'/ie KUBYT BCEe HACTOSILVE JINIIA.

Puc. 0.7. PexoncTpykiust ogHoit u3 dpororpaduit
naracera uepes Iepsele k eigenfaces. ITpu k = 10
Y3HAETCS «OOLINIT THI» Jna; mpu k = 50 — yxe
KOHKpETHBIIT uenoBek; npu k = 150 — mourtu opu-
IMHAIL



Peanuzayus na Python

import numpy as np
import matplotlib.pyplot as plt
from sklearn.datasets import fetch_olivetti_faces

# 1. Load: 400 faces, 64x64 each
faces = fetch_olivetti_faces().images # (400, 64, 64)
X = faces.reshape(400, -1) # (400, 4096)

# 2. Center: subtra¢t the mean face
x_bar = X.mean(axis=0)
X_centered = X - x_bar

# 3. SVD => eigenfaces are rows of Vt
U, S, Vt = np.linalg.svd(X_centered, full _matrices=False)

# 4. Project all faces onto top-k eigenfaces
k=50
alpha = X_centered @ Vt[:k].T # (400, 50)

# 5. Recognise: nearest neighbour in alpha-space
def recognise(y, k=50):
y_centered = y.flatten() - x_bar
beta = Vi[:k] @ y_centered
distances = np.linalg.norm(alpha - beta, axis=1)
return distances.argmin()

# 6. Reconstruét a face from k coefficients
def reconstruct(idx, k=50):
return x_bar + Vt[:k].T @ alpha[idx, :k]

Q 910 unTEpecHO

Merop eigenfaces — pogoHauaJbHUK BCeX COBpe-
MEHHBIX CHCTEM PAaCcIO3HABAHMSA JINLI, BKIIOYAA Ty,
uTOo pasbmokupyer Bair cMapTdon. CoBpeMeHHbIe
cucreMbl 3aMeHAI0T SVD Ha CBEPTOUHYIO HEpo-
cetrb (cM. § 3.3.7), HO Ga30Bast UOes — CHAMb JTUYO 6
KOPOMKUil 6eKMOp, 68 KOMOPOM OITU3KUe TUYA 0KA3bl-
6amMcs PAO0OM — OCTANACh TOJ Ke. ITU KOPOTKIe
BCKTOPLI CeroaHsda Ha3bIBAKOT 3M6EJIIJ(I/[HI‘aM]/[.
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