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o _Quanta Image Sensor (QIS) is new type of image sensor, which can observe the
amount of incident light intensity in units of photons. In QIS imaging, a large number of photon
incident observations are performed in the spatio-temporal direction, and multi-valued images are

obtained by reconstruction processing.

In this research project, we investigated some image reconstruction methods for QIS imaging. One is
the method based on motion vectors among adjacent frames. The other is the method using multiple
thresholds for the minute photon detector (jot). Furthermore, we have designed and investigated the

QIS image sensor for new image reconstruction method.



PD) A/D
PD A/D
1/ [ 1]
PD 1
A/D PD
SPAD(Single Photon Avaranche Diode)
Transducer
1 PD
PD
SPAD SPAD
1 1
1
DR
PD A/D
1
FEME : @ e b2 EEPRUE | TOHPUIE

BT VIV SHnE
BIL—hb—MIFR

RSO ASL
B05E

—

\_|
T wstunmcEL - st |

BREY/ BRI PRI HIRIL Y FAR I B RE AR - [T 4 £

ERREIE BRI Tl > DB (KR - ZEER)
BNMEE>EIL— AL — MER(HE - BERR)

e )
-
5

|

e -

: M
H T

DTSR @IFRITENIBR A,

Frame Frame Frame
T+1 T+2
@ NS 4ab
@ ERMTEAIBIRAERN+HH

)
@ 2b,2b,2b

Frame Frame Frame Frame
T T+1 T+2 T+3

@ FERRIFERBIRH



QI1s)
oo

13 O" “ 1"
jot

bit-plane

jot

Pyoton jot-block Capacitance in a jot

hreshold;

Qalaibe

L

(photon detector) \ Acclimulated phot(')n

‘mepl(Reconstruction | | ¢
Processing 7

bit-planes Multi-valued
(time series binary images) image

bit-plane

©

Threshold jot array

2 QIS
jot
“ g
“ o
jot jot
[1.2]
[3]
jot
jot
bigger Conventional Proposed jotieartitzt:r

H N
I |

jot array Reconstruction
overall block

value overall

(b)



@

bit- P
o[ |
plane / }
. migo) | ] -
(bit-plane E{F51) IS
(C) z v (cpEBEEY JDEH
= FFIHERL l g |
aMap(FBFitg) aMap(EHfai)
5380 3 I EHREIES D= sh DR BB
ERSMIE IR
5
0.18u m CMOS =
2.5mm(H)* 5.0mm(V) 56 RETA D)L
g m(H)x 56p m(V) 32(H)x 32(V)
4
6bit 5% SPAD
=21V 3.3v 1.8V
1000fps SPAD
4 2.5mm —— —»
""" ‘ SPAD
COUNTER 4
6b
SPADIEI
(32x32)
AEVEIEIE
513t 5155 65 o] B¢
\ &
5
QIS 2 jot
bit-plane jot jot
jot K2(= K x K) bit-plane
T Onin Omax jOt
Jot jot
qmin
Car<g < - - < ap € Onax M Q={0, 92, - - - , o}
(Photon Shot Noise; PSN)
bit-plane

jot

24



jot K* 4x 4 bit-plane T 4 Onin 1

Onax = 25 jOt
(Maximum Likelihood Estimation; MLE) [1] VST
[2] BM3D
q 8, 13, 18 3
25
1 PSNR
1
Threshold Reconstruction Average
Method Value Method PSNR [dB]
8 20.25
13 MLE [1] 21.45
18 14.68
Uniform
8 ] 26.56
Transformed Denoise [2]
13 29.64
w/ BM3D
18 21.97
Ours w/o Denoise 29.39
Ours {5,10,16,24}
Ours 32.80
6(2) 0.7lux
6(b) (c) 1/60 1/240
2e- 1/60
1024x 1024  bit-plane 16 6(d)
(b),(c),()
SNR Q)

o

(b) EmHHERE (c) BAHERE (d) Hi—yeyimHE
WECIRETE] 1/60 #9) (FEOLIF 1/240 1) AR (F25R)

[1] Feng Yang et al., “ Bits From Photons: Oversampled Image Acquisition Using Binary
Poisson Statistics,” IEEE Trans. Image Process., vol. 21, no. 4, pp. 1421-1436, 2012.
[2] Stanley H. Chan et al., “ Images from Bits: Non-lterative Image Reconstruction for
Quanta Image Sensors,” Sensors, vol. 16, no. 11, 2016.
[3] Omar A. Elgendy et al., “ Optimal Threshold Design for Quanta Image Sensor,” I1EEE
Trans. Comput. Imaging, vol. 4, no. 1, pp. 99-111, 2018.



4

0 1

Shuichi Namiki, Shunichi Sato, Yusuke Kameda, Takayuki Hamamoto 12177

Imaging Method using Multi-Threshold Pattern for Photon Detection of Quanta Image Sensor 2022

Proc. of International Workshop on Advanced Image Technology 1-6
DOI

10.1117/12.2625974

Kiyotaka lwabuchi, Yusuke Kameda, Takayuki Hamamoto 9

Image Quality Improvements Based on Motion-Based Deblurring for Single-Photon Imaging 2021

IEEE Access

30080-30094

DOl
10.1109/ACCESS.2021.3059293

44

2020

7-11

DOl

1572019-50

2019

29-32

DOl




6 0 2

Shuichi Namiki, Shunichi Sato, Yusuke Kameda, Takayuki Hamamoto

Imaging Method using Multi-Threshold Pattern for Photon Detection of Quanta Image Sensor

International Workshop on Advanced Image Technology

2022

bit-plane

2021

Picture Coding Symposium (PCSJ2021), Image Media Processing Symposium (IMPS2021)

2021

Picture Coding Symposium (PCSJ2020), Image Media Processing Symposium (IMPS2020)

2020




Kiyotaka lwabuchi, Tomohiro Yamazaki, Takayuki Hamamoto

Iterative Image Reconstruction for Quanta Image Sensor by using Variance-based Motion Estimation

International Image Sensor Workshop

2019

2019

(Sugimura Daisuke)

(10712052) (32642)

(Kameda Yusuke)

(50711553) (32660)







