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Algorithm

Camera @@ Flash

| Captured Image .
* Physical law: light falls off with 1/depth?

-lash is limited in distance
o Flash signal is overwhelmed by sensor noise

Proposed: Patterned Flash
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PF Reconstruction

UF Reconstruction PF Disparity

* PF concentrates light into a dot array for higher
signal-noise ratio at dots’ location

» PFis also a structured light system that supports
depth estimation

PF Image Estimated Color Image
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» Joint image reconstruction & depth estimation
* In simulations
o PF achieves better image restoration quality
o PF achieves sub-pixel disparity accuracy for depth est.

Hardware Prototype

ctor Pattern Laser Projector Pattern

122 3 e e T T

- - . . 1T 1 1 L A MY P ENY LENEEDEER - . .
' P L R B 1 ' &% 3 %8 5 %8 b B & LE S

& | EeeRNs RN RRNEY ron OR L
N e R e R R T R L L e
] - R R T R O T e
0 V= Reisieeesoncaiitinataasetiar iR RNINIatE0sL0RIRYY
-~ B e - SIA NI IR IR BN i1 sre e s s srseminsemsew .
= gl ' S abbaeeEs cessmsscssasttibtsnniIetNEINRIBIRRIORIDTS)
i e - N
G g cs s 5 EBIBNINN"NIIR IS BOI0BININE™MIBININOIREIS
i . AWRRAEEARYER DN YREREA SR AR
o O R R R AR R R
ECLRBLOCE) | fasuxedavNrausNBreRvARRREESSE ME HAN S e e N
A rXTSR R VACNRE SR AL A GRRES (R AT IR AR S SRNENY WA kORI EE N P tt
< ok > T RS R Y a ll
LAty Lo e OO O T U L L0 E
\ B Vv e O O A e Detall

B Projectar

.
~

\ﬁ
TRy N . gEs AL EmT L
R B s E N EES R
~
T EEEEEE R R R E R R EE
N
TR TR R EE E NS EE R EE R
S~
. TEE 5 &8 T I E BN L BN EEN
e = . s s 58 TR R R R R E R R E R
~
T m s TR EE R R R R R E R R AN T R Y
~
~
. % 8 8 TEEEE E R T T
~
“"EETEEERET . %8 11 " 1L EA Py
1A m " n s BEEN 3 %W EHY EER L EE S
.............................
EEEEEEEEEEEEE EE R E E EEE EEEEEE T
T BN E BN NE ML NS KEESS NS LN EE
N T N N T R E R R R R
B EEEEEEEEE R R R T T T R T T T T E T
8 A TN EE S EES L EEN EN AN N " H
LERERR GTBLERTILESILERBSLERSILAEBEILETD
............................. etai
A WYL N ET LN EES NSNS A BN
N3 P EENRDTVEEREDR
TEEEREEEER R
PR TR U T T S S S
=8 5 EEmT e RS
& @ 4 B E@SE 0BT
HTERER 1 1 1 1 EEEEEEEEEREEEREEEE TN
' 1 1 1
i T 2 N

EEE I ILEE SIS LEE EEATERAAYPEA VPR EBAEEAD
PR

» Setup: camera, projector, beam splitter (for easily
adjusting baseline only)
» Regular pattern vs. random pattern
o The former one has better image restoration quality
* DLP projector is used to emulate the PF and UF
» Laser projector has no light loss, but has low power

(* equal contribution)

Code and data: https://github.com/zhsun0357/Seeing-
Far-in-the-Dark-with-Patterned-Flash

Image Restoration

 PF resolves fine details and avoids reconstruction
artifacts compared to UF; additionally, PF has depth
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Applications

PF Detection

UF Captured  PF Captured  UF Detection
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* Low-light imaging (can be extended to other modalities,

ike IR, UV, hyper-spectral imaging)

* High-level tasks in low-light env., like face/car detection
* Single-shot flash/no-tlash imaging; 3D-based

background blurring

* PF hardware implementations: MEMS scanner, VCSEL

array, diffractive optical element (DOE), ...



