ERIEEXE—: [(IRE TEERNIERE

REJUETRIMTAE, JF CVPR RIFENETR. B, BIEMLAT, BAETRE. FI
{EEMHSLRIR, BFLLAVEFERL, BIT ROAM, ZRIRIUIFFREREHABAEE, NB.

A Physics-based Noise Formation Model for Extreme Low-light Raw Denoising, CV
PR 2020, KaiXuan Wei, BIT

Introduction & Related Works
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Large aperture incurs small depth of field, and is unavailable in smartphone cameras; long exposure can induce blur due to scene

variations or camera motions; flash can cause color aberrations and is useful only for nearby objects.
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Such a deep learning approach generally requires a large amount of labelled training data that resembles low-light photographs in
the real world
Notwithstanding the promising results, collecting sufficient real data with ground-truth labels to prevent overfitting is exceedingly

expensive and time-consuming
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1. From Photon to Electrons

X NAEKRERD 2 shot noise, (BRIEE MM TR, XEBHIEXBIET : photo response no
nuniformity & dark current noise, FIETZHARE, XM MEFERTRES, FEGHESR
TRHGEENIIN read noise 5, WNERA%EE shot noise, LERWT, MLAERBEXE!:

(I + Np) ~P (1)



2. From Electrons to Voltage

X—EHIRERURT: the circuit design and processing technology used, €3i£7 : the
rmal noise, reset noise, source follower noise, banding pattern noise, #t—FiEHE

R, HhEEREELAE:
Nread — Nd + Nt + Ns

XEMENENIXRET . LIERIITEH2NAREHS T, ERFITAIE long-tailed I,
{EE M T AN TR

This can be attributed by the flicker and random telegraph signal components of source follower noise [25], or the dark spikes

raised by dark current
EitrEIREAETDH, MEFER TL 5 (Tukey lambda), MZABIRAISFHIRRS, (FER
AT RS M TEN., HPSEEERS /9 row f vertical, BERIFERESLSINHRIN: ver
tical WIEFEATLIRE (MEMEEFiRBEELZ).

3. From Voltage to Digital Numbers
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FEEFFERRNG: Flat-filed frames # Bias frames, ESLHiE5 BIRISHST.
1. ¥xxE shot noise

1£ shot noise &5, EABEE, ARG L = K+ (1 +N,). BEZEENEE K M2
0, (FEBESENBB2INAEENER, HERREHSGE:

TEEE (BOtATE) THIRGE, XTFE—KE, itBHLYE. vE, BEHE-TEXT
pairs, RGN _FEAIRU L —FE LRI,

B KZ/E, WAL shot noise? BERIRESR T, EERRIEEMRRESMERMAILLT.
TFEEPIERER |, BAMERSHRE PORYE, REFRUA—DKHFT.

2. #rEJE shot noise

BXTF Bias s, HIEKEWE., REE&RHAIREELSET, BE&NUiRKEEE row noise:



Figure 3: Centralized Fourier spectrum of bias frames captured by
SonyA7S2 (left) and (right) NikonD850 cameras
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Figure 4: Distribution fitting of read noise for SonyA7S2 (top)
and NikonD850 (bottom) cameras. Left: probability plot against
the Gaussian distribution; Middle: Tukey lambda PPCC plot that
determines the optimal A (shown in red line); Right: probability
plot against the Tukey Lambda distribution. A higher R? indicates
a better fit. (Best viewed with zoom)
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HEEH, RUOARRANRFAY ISO B, MZRHASHL.

log (K) ~U (log(f(mzn): log(f(mam)) s

log (o) |log (K) ~ N (arg log(K) + brr,orL), (7)
log (0,) | log (K) ~ N (a, log(K) + by, 6.,
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A0 1SO BYIEEY, LERIET—NRY ISO BY, BeAIREERAEEI K. RN EIGRIER a. b 0
PP RIES sigma, XHE KZfE, HEEBEZIRERIMA simga E.

T ERR, BUHRIRO L. METHNELSHMER SIS (MPRIES sigma) B—E
AHRE,

log(or.)
log(o,)

2.0 2.2 24 26

6 18
log(K)

S%30H
BRRIEXRA, MFLE—RAERI (1FE BITHIZES), &ERE github EBHE.

https://www.zhuanlan.zhihu.com/p/356933763


https://www.zhuanlan.zhihu.com/p/356933763

