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Overview of our Activities on Imaging
• 3D Display/Head Mounted Display-3D Smart Glasses
• 3D Profilometry, Visualization & Computational imaging
• Flexible 3D Sensing
• 3D Microscopy and Healthcare Applications
• 3D imaging in turbid water, 3D Tracking with Occlusion
• 3D Imaging with few photons
• Multimodal 3D: Polarimetric, spectral, compressive sensing
• Long range passive 3D imaging
• Automated Detection of biological micro organisms
• Healthcare Applications of 3D
• Quantum imaging & authentication 
• Anti counterfeiting of Integrated Circuits



Our focus in this presentation
• 3D Image Capture & Display
• Dynamic 3D Integral Imaging to increase Field of View (FoV)
• Head Tracking to increase Field of View in 3D Integral Imaging
• Augmented Reality (Head Mounted) Display
• 3D Object Visualization with Smart Glasses 
• Flexible 3D Sensing and Imaging
• 3D Imaging with few photons
• Long range passive 3D imaging
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Computational Optical Sensing and 3D Display

Integral Imaging
• Based on the concept of 

depth from disparity
• Multiple lenses form tiny images 

from their unique perspective 
• Depth information encoded as 

transversal relative shift among images (disparity principle) 
• Images can be captured

on digital sensors
• Display is accomplished

by back-projection of 
elemental images using
display panels [LCD, etc]

Computational resources are used to obtain optical and    
physical information of interest
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Integral Imaging 3D Visualization and Display

Intergal Imaging Display
- Full parallax; - Continuous view point; - No special glasses
- No visual fatigue and abnormal effects
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R. Martinez-Cuenca, G. Saavedra, M. Martinez-Corral, B. Javidi, 
“Progress in 3-D Multiperspective Display by Integral Imaging,” 
Proceedings of IEEE Journal, 97, 2009.
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M. Daneshpanah, B. Javidi, E. Watson, “3 D integral imaging with  randomly distributed sensors,” 
Optics Express, 2008

• Views are randomly selected
• No assumption on the 

distribution of the 
sensors, however, the 
distribution affects 
imaging capabilities. 

• In this example, 
uniform distribution is 
assumed. 

• The blue path shows 
the moving direction of 
the image sensor. Red 
nodes denote the 
random pickup 
locations.
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Profilometry and Optical Slicing (M. Daneshpanah and B. Javidi, “
Profilometry and optical slicing by passive 3D imaging,” Optics Letters, Vol. 34, 1 April 
2009)
Specular points deviate from Lambertian assumption.



Dynamic Integral Imaging Displays by Liquid 
Crystal Device to Improve FoV
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Extended Field of View by LC prism

Total Viewing Angle Φ max = (ψ+2 θ)  
θ= tan-1(Δn* d / L)
Ψ= 2tan-1(p/2f)
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C. W. Chen, M. Cho, Y. P. Huang, B. Javidi, “Improved viewing zones for projection 
type integral imaging 3D display using adaptive liquid crystal prism array,” IEEE Journal of 
Display Tech, 10, (2014)



Bahram.Javidi@U
Conn.edu



The viewing angle of an integral imaging display. (a) For the conventional integral imaging.
(b) For the head tracking integral imaging with a specific viewing position. p is the pitch of
the lenslet, pei and phead are the elemental image size of conventional and head tracking
display, respectively. θ1 and θ2 are the viewing angle of conventional and head tracking
integral imaging, respectively.

Head tracking integral imaging display
Acknowledgement:  Dr. DongKyung Nam

X. Shen, M. Martinez-Corral, B. 
Javidi, “Head Tracking Three-
Dimensional Integral Imaging 
Display Using Smart 
Pseudoscopic-to-Orthoscopic 
Conversion,” IEEE/OSA Journal 
of Display Technology, June 
2016. 
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3D Imaging with Flexible Sensing
Bahram.Javidi@uconn.edu

M. Daneshpanah, B. Javidi, “3D imaging 
with detector arrays on arbitrarily shaped 
surfaces,” Optics Letters, 36,2011.

Conventional (a) vs Flexible Imager (b) 

Collaboration with Univ. Michigan, Northwestern, 
Washington
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H. Hua, B. Javidi, “3D integral imaging optical see-through 
head-mounted display," Optics Express, 22, June 2, 2014]
Was highlighted on Optics Infobase [OSA’s Digital Library]



H. Hua and B. Javidi,
OPN Feb 2015
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3D Augmented Reality Viewing Devices-Fatigue Free
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H. Hua, B. Javidi, “Augmented Reality: Easy on the Eyes,” Optics and 
Photonics News Magazine, February 2015.
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H. Hua, B. Javidi, “
3D integral imaging 
optical see-through 
head-mounted 
display," Optics 
Express, 22, 2014]
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3D Reconstruction in Photon Starved Scenery
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Np=103

Reconstruction using photon-counted elemental images, (Top left) scene with large photon 
flux; (top right) central elemental image with Np=1000, (bottom) corresponding 3D 
reconstruction at the plane of the VW.
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3D Object Recognition under Extremely
Low Light Levels
Photon counted integral imaging appears robust to 

noise. Signal counts/dark counts < 0.04

(b)

(d)

M. DaneshPanah, B. Javidi, and E. A. Watson, “Three 
dimensional object recognition with photon counting imagery in 
the presence of noise,” Optics Express (2010)

From 121 El. Images
~100 photons, ~2500 dark counts
Red: Object Photons
Green: Dark Counts
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3D Photon Counting Experiments using       Cooled CCD 
camera

B Javidiahram. @uconn.edu

3D Reconstruction with Large 
photon flux

Low photon flux elemental image 3.8 
photons/pixel

3D reconstruction
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Long Range (kms) 3D Integral Imaging (Passive Sensing): 
Task Specific Sensing (ATR, Tracking)

Tests were conducted from the AFRL Sensors Directorate tower and camera rail 
(Daniel LeMaster, Barry Karch, and B. Javidi,     "Passive Long Range 3-D Integral Imaging," 
Proceedings of the Parallel Military Sensing Symposium (SENSIAC, 2012))

Range Map and Scene 
Projection: computational 
integral imaging

Range = 237m
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D. LeMaster, B. Karch, B. Javidi, 
"Mid-Wave Infrared 3D Integral 
Imaging at Long Range," IEEE 
Journal of Display Tech, 2013
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Summary
• Passive 3D sensing, imaging, and visualization can be used for a 

variety of applications including:
• 3D Image Capture & Display
• Augmented Reality (Head Mounted) Display
• 3D Object Detection and Recognition with Smart Glasses 
• MOSIS: Multimodal 3D: Polarimetric, spectral, compressive sensing
• Flexible 3D Sensing
• 3D Imaging with few photons
• Long range passive 3D imaging
• Human Activity Recognition
• 3D Visualization in Obscurations & Computational imaging
• 3D Tracking with Occlusion
• 3D imaging in turbid water
• persistent surveillance
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THANK YOU!
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