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Focus On Three Types of Computational Imaging System

O iﬁTEEzEE Towards Depth Dimension
[ g*ﬁ*ﬂ,gﬁ Many-Camera System

O gﬁ@g&g Towards Color Dimension
« BHWESEMSTENL: PMIS

High resolution spectral video camera: PMIS

O = BYEE Towards Spatial Dimension
m HZIFERLIR Gigapixel imaging




E-E%ﬁﬁc;i*ttEComparisons of 3D acquisition methods

Yéim*EfECamera array : 3D+
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Synchronized Capture with single exposure
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Capture 3D model + Texture simultaneously
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= FiidENS (FRLLEF, AEEBIRTIER)

Time consuming

= TEIEE/EER Y

Unable to capture transparent/translucence objects
= BESRTSIUUIREY, TERELIENEES

Unable to capture texture and color

* BRRBETRXBTEZRE

Lower accuracy
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Many-Camera System
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hats off: Prof. T. Kanade
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m: I%{%;F'—EEE Application: Cultural Relics Protecti_gn
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FHSTlaE Other applications:

1. TJk4.0

2. Iﬁiuﬁﬂﬁ4§7_|_( E-commerce demo
3. VR/AR

Industry 4.0
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O gﬁ@zﬁg Towards Color Dimension
n SRS ISTHRNL: PMIS

High resolution spectral video camera: PMIS
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Spectrum is the DNA of light, which characterize the material of different objects
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Cao X, Yue T, Yuan X, Dai, Q, L. Carin and D. Brady
Snapshot Spectral Cameras: Towards Dynamic Capture of the Spectral World
IEEE Signal Processing Magazine, Vol.33, No.5, pp.95-108, 2016
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Spatial

w# Spectral
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S.Nayar
EE MR Columbia Univ.

7« Temporal

R IRE A
Spatially varying filter

RERRES
z=[8] Spatial(x,y) * Y& Spectral(A)
* B8] Temporal(t)
1 =~ 2 TB

fegyeiE (=13, 2935, BHFIER)

Traditional Spectrometer (Scanning)
BFE) <-> ¢iE Trading time for spectrum
- XENFEETERREGE

Spatial or temporal scanning
- BIR: TZEREBABER, MgRs
Shortcomings: Incapable of capturing dynamic
scenes, expensive




ERYMASIIX Related Work

O4wb355E
Coded Aperture

N oy Imager
D.Brady
|[EEE&SPIE& CASSI

OSA Fellow  =PIE" 2009
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Computed
Tomographic
Imaging
Spectrometer

E. Dereniak CTIS

SPIE& OSA  josa" 2008
Fellow

Snapshot Spectral
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EME

ARG TFER R
2DIHIE + EBE6iE

2D Imaging + reconstruction

. YOS Spectrum resolution: 6 nm
- ZE[A]53FEER Spatial resolution: 10,000 pixels
- BE2##EE Temporal resolution:

{AIESERT Real time imaging

JGHAEE Time-consuming reconstruction

* FSBR Shortcoming:
FE S ¥HE=Z MR Limited spatial resolution

5| ANEJRZE Limited accuracy
ZREEME Difficult to calibrate
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PMIS SEectraI Video Camera

2007~2010: Prism-Mask Imaging Spectrometer: PMIS’
n HEXEZNHIEMNIITIER
Directly capture multispectral video

m KA

Low cost
m B ERRENRE
Easy setup and calibration

2011~2014: PMIS? ‘o samer v
n FEREESRESHEREEE S PR octusion o -l
Both high spectral and spatial resolution | - = “'y
n SERE AL SASKER S
Real-time hyperspectral video capture Cimera p,is:,,,/'.‘,,‘; i

2014 ~ 4 : PMISS & o ci‘am

" FEEER
Space-time modulation adaptive to the scene content

m BESURH: RABEAMNER

Improved accuracy and efficiency
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PMIS3 Prototype and Capturing Results

Spatial Light Modulation ruse
7

. -—s—Corltent{Adaptive| Patiernsg
0.1 iy sl FixedHatterns
A
0.10 4 "\ y
Fa

e \n..‘r"‘“"', Yo’ "*-.\'-"‘
0.09 .
0.08 -\
0.07 A \-/‘
0.06 x T

verage RMSHE Reductipn
AF2.31%
0055 2 4 6 8 10 12 14
Frame

Accuracy improvement

PMIS3: Content-Adaptive High-resolution Spectral Video Acquisition ROLInput B HE

Optics Letters, 39(15), pp.1464-1466, 2014 Targeted spectral acquisition by

Optics Express, 22(16), pp.19348-19356, 2014 annotating regions of interest



225 Summary

« PMIS: S&iEiismpk{& High Resolution Spectral Video Camera
— VS {EFIGE(: BHEREISnapshot (GHEEIS: - > YEER)
vs Traditional Spectrometer: Snapshot Capability (Video)

—vs CTIS / CASSI:
. LA Real-Time Video Output
. {KERIRE Low Reconstruction Error
- (BEERZFZEZLE Simple Optical Structure

— _L.
. PMIS?FE;FIL%%E'\J:'mEM HIES
: [ MsDipley 0 — — e
: " ‘ } B i ’.rj{?{,* f :’ MaT :,::3 1os3 [ —

Al

\

FCIE LR

Ma C, Cao X, Dai, Q, et al. IJCV 2014
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CITE Home People Researches Publications

INTRODUCTION

[ab for Computational Imaging Technology &

Engineering is a member of electronic science and
technology department, Nanjing university. The
research field covers Multispectral video acquisition,
2D-3D conversion and light field reconstruction.

News Links
» Our papers accepted to IEEE Conference on Computer Vision and Pattern Recognition(CVPR) 2015. + ESE School of Nanjing University
= Our papers accepted to IEEE Transactions on Image Processing(TIP) 2015. - BBNC Lab of Tsinghua University
= Our papers accepted to International Journal of Computer Vision(IJCV) 2014. = Nanjing University

» Our papers accepted to Optics Letters(OL) 2014.

» Our papers accepted to Optics express(OE) 2014.
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The big data problem of spectral video capture

Compared with CASSI
(Prof. D. Brady, Duke University)

More efficient capture strategy of 4D spectral data cube

A A A A A A

A\ 4
Y
A 4

PMVIS SD-CASSI DD-CASSI 3D-CASSI
(Uniform) (2D Random) (2D Random) (3D Random)

Cao X, Dai, Q, L. Carin and D. Brady
Snapshot Multispectral Cameras: Towards Dynamic Capture of the Spectral World

IEEE Signal Processing Magazine, Vol.33, No.5, pp.95-108, 2016 (IF: 6.67)
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Prism-Mask Imaqging Spectrometer

S @G‘é’_ o
[FRIRGA =27

Optical Principle Prototype camera (now)

Us Patent: High Resolution Multispectral Image Capture, US.20140085502
China Patent: A Computational Multispectral Computing Method, ZL.201110212923.X, etc.

2011 EuroGraphics State-of-the-art (STAR) Report
2016 Reported by U.S. Air Force Lab as Representative Spectral Video Camera
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PMIS sEectraI camera Software
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spectrum reconstruction
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monochrome image @ wavelength

(" Monochrome Image
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Synthetize pseudo—color image

Coral J5iB 3t

“Coral” - Spectral Analysis Software




PMISYGiEHRSTHEIN MNFB-1 22
PMIS SEectraI Video Camera Demo-1

HRA= RGBARL 57 SN b i g PN 5 3
Captured Scene RGB Video Spectral curve

7J<,ﬁf‘§§‘<‘§}]?§%f'}]ﬂ Water Contamination Monitoring



PMISYiStRSAEN RZF-2

PMIS Spectral Video Camera Demo-2
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Cellphone
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32 {3 Pay = £K Railway

Image Courtesy: iphoneX, X{4=E (Alipay). B (Baidu)
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PMISFGiBtRSTHEIN RFE-2 26
PMIS SEectraI Video Camera Demo-2
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PMISGiERSRIAIN RA-2

PMIS Spectral Video Camera Demo-2

p = LT RAIR R
Spectral Video Tracking Result

E{Fﬁkﬂﬁiﬂ%u Real face identification
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PMIS SEectraI Video Camera Demo-3

PMIS3: mﬁmm %an ZE8 LAV platform
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Spectral camera

PMISYKiBtRSAEN RZF-3

PMIS Spectral Video Camera Demo-3

SR EYETR

Data compression

iR EUE T
Transmission Unit

MEGPS
GPS Unit

GPS
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High resolution spectral
video capture

FOEREESE R EYs
Real-time data
compression

ASEEISCAY &S
Long distance
data transmission

e = EER
High precision
positioning
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O = BYEE Towards Spatial Dimension
m HZIEZERLR Gigapixel imaging system
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Moore’ s Law SEM photo of Kodak film silver bromide particles
(spatial resolution ~ Tum)
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How to fulfill Gigapixel Imaging
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—_—Camera Array: Gigapixel imaqing 7125 off Frof Davd Brach
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IR IERKIRE, DPHEFIX600lp/mm
Double hemispherical mirror with resolution up to
600Ip/mm

A ~y

B BREMIESRIRINBETIREXIERY Sphere type objective micro-camera array cascade model
B ZiEEEUREDERAR Multi-channel image registration
B ISEEREBIRSHEERR Dynamic real-time high image resolution imaging

2SS 118 MBI AR RIBNE R EX T HYCIA RIS R F (CEHEF: 100 x60[%)

Build up a cascaded light field imaging system consisting of 118 micro cameras (wide field of
view: 100 x 60 degrees)
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