
ORNL/TM-2023/2820
CRADA/NFE-19-07847

CRADA Final Report: CRADA Number 
NFE-19-07847 with MantaPoole 
Technologies

Jesse Claypoole

Date January 5, 2023



DOCUMENT AVAILABILITY

Reports produced after January 1, 1996, are generally available free via US Department of Energy (DOE) 
SciTech Connect.

Website http://www.osti.gov/scitech/

Reports produced before January 1, 1996, may be purchased by members of the public from the following 
source:

National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
Telephone 703-605-6000 (1-800-553-6847)
TDD 703-487-4639
Fax 703-605-6900
E-mail info@ntis.gov
Website http://www.ntis.gov/help/ordermethods.aspx 

Reports are available to DOE employees, DOE contractors, Energy Technology Data Exchange 
representatives, and International Nuclear Information System representatives from the following source:

Office of Scientific and Technical Information
PO Box 62
Oak Ridge, TN 37831
Telephone 865-576-8401
Fax 865-576-5728
E-mail reports@osti.gov
Website http://www.osti.gov/contact.html

This report was prepared as an account of work sponsored by an agency of 
the United States Government. Neither the United States Government nor any 
agency thereof, nor any of their employees, makes any warranty, express or 
implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, process, 
or service by trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring 
by the United States Government or any agency thereof. The views and 
opinions of authors expressed herein do not necessarily state or reflect those 
of the United States Government or any agency thereof.

http://www.osti.gov/scitech/
http://www.ntis.gov/help/ordermethods.aspx
http://www.osti.gov/contact.html


ORNL/TM-2023/2820
CRADA/NFE-19-07847

CRADA Final Report: CRADA Number NFE-19-07847 with MantaPoole Technologies 

Jesse Claypoole

Date Published:
January 5, 2023

Prepared by
OAK RIDGE NATIONAL LABORATORY

Oak Ridge, Tennessee 37831-6283
managed by

UT-BATTELLE, LLC
for the

US DEPARTMENT OF ENERGY
under contract DE-AC05-00OR22725

Approved for Public Release



1. Abstract 

As the world becomes more automated, smart and autonomous systems that utilize advanced 3D 
machine vision are becoming ever more prevalent. To function autonomously, these smart 
machines need to be able to identify the “what” and “where” of their application by capturing color 
and depth information.  The color information provides the needed contrast information to identify 
the “what” of a scene while the depth information allows the smart machine to identify “where” 
an object in a 3D environment is. To capture both the color and depth information using only a 
single sensor, MantaPoole Technologies (MPT) is developing a new type of 3D light field camera. 
The approach leverages MPT’s active micro-optics technology which when aligned and placed 
over an imaging detector are designed to act as an advanced optical filter that controls the direction 
of light that reaches the underlying pixels.

2. Statement of Objectives 

For smart machines to perceive and interact with the real world, they need to be able to identify 
the “what” and “where” of their application. To do this in an unstructured environment, color and 
3D depth datasets offer a robust dataset to extract this information from. To get these color and 3D 
depth datasets from a single viewpoint, light field cameras offer a compact single camera solution.  
To capture the 3D depth information about a scene, light field cameras control which direction of 
light reaches each pixel on an imaging sensor. In current generation of light field cameras to 
capture this directional information, an array of geometric micro-lens arrays a few hundred 
microns above the imaging sensor surface. During operation, light from the scene is focused by 
the lens optics onto the plane of the micro-lens array. Each micro-lens then acts to redirect light 
rays focused by the lens optics onto individual pixels located under each micro-lens. Each of these 
pixels then measures the intensity of light from that dedicated direction. The directional and color 
information of the scene is encoded into the standard two-dimensional image taken by the light 
field camera sensor. To extract the “what” and “where of the scene, post processing algorithms are 
then done on the light field dataset.

One of the main limitations of the current generation of light field cameras is that spatial resolution 
on the sensor or final image resolution is traded to measure the directional information of the light. 
This is due to the micro lens array being a passive geometric element. Each pixel measures a fixed 
direction of light which ultimately results in the output image have a 4x to 100x reduction in image 
quality. To get around this spatial resolution trade off, MantaPoole Technologies is developing a 
new type of micro-optics called active micro-optics which can actively control the angle of light 
that reaches each pixel. At the system level, MantaPoole’s light field camera utilizes the active 
micro-optics to control the angle of and trades frame rate for this directional information. This 
approach allows for the MPT’s light field camera to capture many times more 3D directional 
information about a scene at a given sensor resolution.

Our research project involved investigating ways to overcome the spatial resolution trade off of 
traditional light field cameras and further developing a light field camera system capable of doing 
this. To accomplish this, our research project involved four research areas called active micro-
optics development, camera electronic development, firmware development, and light field 
software development. 



3. Benefits to the Funding DOE Office’s Mission

Smart and autonomous machines are a key enabling class of technologies that are increasingly 
being used in a variety of market sectors including agriculture, industrial manufacturing, and 
automotive to maximize the use of resources and operational efficiency of a processes and 
minimize the direct and indirect production greenhouse gas emissions. To function, these smart 
and autonomous machines need to collect information about the real-world using sensors so they 
can perceive the “what” and “where” of there environment. 

The data-sets that these smart machines are capable of capturing can limit the decisions they can 
make and ultimately limit the green house emission saving actions they can perform. To enable 
these smart machines to capture these higher quality 2D and 3D datasets, Dr. Claypoole researched 
and developed an active micro-optics technology during his time at ORNL. The active micro-
optics technology has the potential to be an enabling technology to improve the 3D resolution of 
variety of different types of 3D sensors including 3D light field cameras, Time of Flight, and 
LiDAR. These 3D different types of improved 3D sensors are using in a large number of robotic 
assemblies, machine vision inspection, and industrial process monitoring tasks. 

4. Technical Discussion of Work Performed by All Parties

The first research area, active micro-optics development, involved developing the design and 
manufacturing approach of Mantapoole’s enabling optical component called active micro-optics. 
The initial development of the manufacturing approach for the active micro-optics was done using 
several of the semiconductor fabrication tools in the National Science and Technology Laboratory 
Cleanroom (Figure 1). In Mantapoole’s light field camera, the active micro-optics replace the 
current generation of passive geometric micro-lens array elements which are placed a few hundred 
microns above the imaging sensor surface. The use of passive geometric micro-lens arrays results 
in each pixel only being able to measure one fixed direction of light. By replacing the passive 
geometric micro-lens arrays with the active micro-optics, it enables the light field camera change 
the direction of light that reaches each pixel. For operation of the light field camera, the micro-
optics and camera sensor are synchronized and work together using a space time modulation 
technique. The active micro-optics control and transition the acceptance angle of light that pass 
through them and the imaging sensor measures the intensity of the light. Multiple exposures and 
acceptance angle transition are then done to capture a larger number of directions per pixel. 



The second research area involved designing the electronics of the light field camera and involved 
integrating a FPGA, imaging sensor, data interface chip, and the control electronics for the active 
micro-optics onto a printed circuit board. 

The third research area involved designing the firmware for the FPGA and basic interface to the 
computer. 

The fourth research area involved designing the basic light field math functions to convert the 
encoded light field data in the 2D images into a ray database which could be further processed. 

The sum of these research efforts enabled MPT to get close to a completed prototype light field 
camera seen in Figure 2.

Figure 2 - MPT Prototype Light Field 
Camera

Figure 1: Dr. Claypoole performing a metallization step during 
the active micro-optics development in the 

National Science and Technology Laboratory Cleanroom.



5. Subject Inventions (As defined in the CRADA)

None

6. Commercialization Possibilities

During our time in the Innovation Crossroads program, a large number of different practical skills 
were acquired. On the business side, we learned a lot about grant writing, developing the business 
model canvas, financial projections, capitalization tables, and cash flow models. On the 
management side, we learned a lot about how to work with various suppliers, the importance of 
contract terms, estimating and managing lead times, how to navigate the national lab environment, 
and more about the terms that should be in an employment and confidentiality agreements. On the 
active micro-optics side, we learned about photolithography mask design, materials identification 
and selection, procedures for getting materials approved, additional semiconduction fabrication 
experience, and how to design for FAB manufacturing. On the electronics side of the project, we 
learned a lot about how to read electronics IC data sheets, sourcing electronic components in a 
pandemic, power IC design, designing using FPGAs, LVDS signaling, PCB design principals, 
PCB design for manufacturing requirements, producing PCB manufacturing design files required 
by suppliers.

7. Conclusion

Dr. Claypoole contributed to many different aspects of the light field camera development project. 
This included developing the design and manufacturing approach for the active micro-optics, 
designing the printed circuit board and control electronics, and developing the math model for the 
light field software.  His appointment in the Innovation Crossroads program has had a tremendous 
impact on transitioning him from a pure academic and technical background to having a more 
well-rounded background on the business side of running the company. The experience has and 
will greatly help Dr. Claypoole be able to effectively manage a company and work with 
collaborators.


