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CONTACT
INFORMATION

State College, PA 16802 USA
Google Scholar | Research Gate | Personal Website

E-mail: isaac.gerg@gergltd.com

RESEARCH
INTERESTS

Machine learning with domain-enriched priors: machine learning, deep learning, remote
sensing, synthetic aperture sonar, signal/image processing, computer vision, human perception,
high-performance computing.

CURRENT
ACTIVITIES

Computer Vision Researcher, Kitware Oct 2023 to present; TS
• Self-supervised representation learning from satellite EO imagery.
• Assisted in preparation of DARPA abstract.

PREVIOUS
EXPERIENCE

Research Scientist, Penn State University Applied Research Laboratory Oct 2009 to Oct
2023; TS/SCI, NATO

• Machine Learning Applications: Applied deep learning to enhance remote sensing, includ-
ing seafloor exploration, audio, consumer imaging, and more. Developed new methods in
representation learning, object recognition, image segmentation, image enhancement, gen-
erative AI, and image compression.

• Innovation in SAS Image Reconstruction: Co-created ASASIN, a GPU-based tool for syn-
thetic aperture sonar (SAS) image reconstruction, deployed on unmanned underwater vehi-
cles and high-performance computing clusters.

• Cross-Disciplinary Signal Processing & Deep Learning Expertise: Engineered versatile sig-
nal processing chains with domain-enriched machine learning yielding novel solutions for
the automated processing of synthetic aperture sonar imagery (though this work easily ex-
tends to other imaging modalities).

• Leadership in Research & Development: Successfully managed research programs exceed-
ing $1.35M, directing the development of algorithms for audio classification, unsupervised
clustering, and other novel applications, leading to funded projects by external customers.

• Proficiency in Adaptable Computing Environments: Expert in Python, MATLAB, C++,
CUDA, TensorFlow, and OpenCV, with a track record of deploying solutions on DoD super-
computing systems, unmanned underwater vehicles, and desktops.

• Academic Contributions: Research has culminated in many publications in respected scien-
tific journals (IEEE TGRS, IEEE JOE) and conferences (IEEE IGARSS, IOA SAS/SAR).

PREVIOUS
EXPERIENCE

Visiting Research Scientist, Centre for Maritime Research and Experimentation Jan. 2018 to
June 2018, NATO S

• Invited to collaborate on a pioneering project.
• Deep Learning for Complex Marine Challenges: Leveraged deep learning techniques to

tackle class imbalanced, data-starved marine-oriented problems, leading to substantial ad-
vancements in field-specific applications.

• Algorithm Conversion & Adaptation: Converted existing MATLAB models into Tensor-
Flow, and devised scripts for continued adaptability, enhancing model flexibility and perfor-
mance.

• Innovation in Statistical Testing & Dimensionality Reduction: Conducted rigorous statistical
testing to validate significant algorithm improvements and utilized non-linear dimensionality
reduction methods to effectively characterize the developed algorithms.

• Enhanced ML Performance through Fourier Domain Analysis: Discovered that using the
Fourier domain of complex-valued data led to features that generated improved machine
learning performance. This insight enabled the creation of a compact deep network, achiev-
ing state-of-the-art results, adaptable to embedded systems.
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• Lasting Impact & Academic Recognition: My collaboration culminated in a published con-
ference paper and ongoing utilization of the training code I developed, marking both imme-
diate success and a lasting, positive influence on the field.

Senior Systems Engineer 1, Raytheon September 2004 to October 2009, TS/SCI
• Participated in designing, implementing (C++), and testing signal processing software for

real-time deployment in a distributed computing environment. Engineered robust software
packages to perform intricate signal processing tasks, including data conditioning, cluster-
ing, tracking, demodulation, and geolocation, fulfilling the needs of a large-scale, real-time
distributed system.

• Research in Hyperspectral Exploitation: As Principal Investigator of a $50k IRAD grant, I
utilized fast, unsupervised hyperspectral techniques, such as material abundance map gen-
eration and sub-pixel target recognition, leveraging AMD’s ACML high-performance com-
puting library, with briefings to customers.

• Technical Analysis Across Various Platforms: Conducted thorough analysis for different
phenomenologies, such as hyperspectral (ARTEMIS / TacSat-3), passive optical vibrometry,
and RF, enhancing comprehension and utility in various applications.

• Algorithm Development for Intelligence Analysis: Researched and prototyped innovative
analytic algorithms, including advanced social network analysis (SNA), simulated annealing
for non-linear optimization, prediction, and anomaly detection, strengthening intelligence
capabilities.

• Wireless-Focused Research & GPU Integration: Performed crucial research for a wireless-
focused IRAD project, exploring GPU throughput, integration into the GNU Radio frame-
work, and the development of an algorithm to detect co-channel signals, driving forward
technological advancements.

• Strategic Contributions to Proposals: Actively advised and contributed to several Broad
Agency Announcement (BAA) submissions, providing technical insight and strategic direc-
tion.

Intern, Bettis Atomic Power Laboratory 2002, 2003; DOE L

PRINCIPAL
INVESTIGATOR
GRANTS

1. “AI-based medical image segmentation for 3D patient-specific surgical planning,”, Penn
State College of Medicine Artificial Intelligence and Biomedical Informatics (AIBI) Pilot
Funding, $35k, 2023. (Collaboration with Penn State College of Medicine). (Note: Awarded
but not executed due to change in position.)

2. “Enhancing Machine Learning using Synthetic Data Pipeline for Coherent Underwater Acous-
tic Images,” ONR, $350k, 2023-Present. (Collaboration with University of Bath, UK)

3. “Understanding the Fragility of Neural Network Representations for MCM,” ONR, $350k,
2020-2023.

4. “Force Reconstruction by Simulation and Machine Learning,” ARL Internal, $50k, 2022-
2023

5. “Learned Frequency Domain Masks for Training-Size-Robust Sonar Automatic Target Recog-
nition,” ONR, $389k, 2020-2022.

6. “Advanced Sonar Image Compression for UUV Teaming,” ARL Internal, $50k, 2019-2020.

7. “Solving SAS ATR with Deep Neural Networks,” ARL Internal, $50k, (Co-PI), 2014.

8. “Real-time Synthetic Aperture Sonar Processing,” ARL Internal, $50k, Co-PI, 2013.

9. “Silent Synchronization,” ARL Internal, $50k, Co-PI, 2013.

10. “OpenBTS – An Inexpensive Wireless Security Research Platform,” ARL Internal, 2010.

11. “Unsupervised Hyperspectral Unmixing Using High Performance Computing, " Raytheon
Internal (IDEA Program), $50k, 2008-2009.
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EDUCATION Pennsylvania State University, University Park, PA

Ph.D., Electrical Engineering, December 2022

• Thesis Topic: Domain Enriched Machine Learning for Synthetic Aperture Sonar
• Advisor: Professor Vishal Monga

M.S., Electrical Engineering, August 2008

• Thesis Topic: Hyperspectral Image Unmixing
• Advisor: Professor Timothy Kane

B.S., Schreyer Honors College, Computer Engineering, August 2004

• Thesis Topic: Real-Time Gesture Recognition in Video
• Advisor: Professor Richard Tutwiler

AWARDS • 2nd place student poster competition. IEEE OCEANS. 2021.
• 3rd place student paper competition. IEEE International Geoscience and Remote Sensing

Symposium (IGARSS). 2021.
• Penn State Applied Research Lab Engineering Award of Excellence for work on synthetic

aperture sonar image reconstruction. 2016.

SUBMITTED
JOURNAL
PUBLICATIONS

[1] Isaac D. Gerg, Vishal Monga. Deep Adaptive Phase Learning: Enhancing Synthetic
Aperture Sonar Imagery Through Coherent Autofocus. Submitted. October 2023.

REFEREED
JOURNAL
PUBLICATIONS

[2] Trung Hoang, Kyle S. Dalton, Isaac D. Gerg, Thomas E. Blanford, Daniel C. Brown, and
Vishal Monga. Resonant Scattering Inspired Deep Networks for Munition Detection in
3D Sonar Imagery. IEEE Transactions on Geoscience & Remote Sensing. 2023.

[3] Isaac D. Gerg, Vishal Monga. Deep Multi-Look Sequence Processing for Synthetic Aper-
ture Sonar Image Segmentation. IEEE Transactions on Geoscience & Remote Sensing.
2022.

[4] Yung-Chen Sun, Isaac D. Gerg, Vishal Monga. Iterative, Deep Synthetic Aperture Sonar
Image Segmentation. IEEE Transactions on Geoscience & Remote Sensing. 2022.

[5] Isaac D. Gerg, Vishal Monga. Structural Prior Driven Regularized Deep Learning for
Sonar Image Classification. IEEE Transactions on Geoscience & Remote Sensing.
2022.

[6] Daniel C. Brown, Isaac D. Gerg, Thomas E. Blanford. Interpolation Kernels for Synthetic
Aperture Sonar Along-Track Motion Estimation. IEEE Journal of Oceanic Engineer-
ing. 2019.

REFEREED
CONFERENCE
PUBLICATIONS

[7] Isaac D. Gerg, Carl F. Cotner. A Perceptual Metric Prior on Deep Latent Space Improves
Out-Of-Distribution Synthetic Aperture Sonar Image Classification. In: IEEE Interna-
tional Geoscience and Remote Sensing Symposium. 2023.

[8] Isaac D. Gerg, Vishal Monga. Synthetic Aperture Sonar Image Segmentation Using
Adaptive, Learned Beam Steering. In: IEEE International Geoscience and Remote
Sensing Symposium. 2022.

[9] Trung Hoang, Kyle Dalton, Isaac D. Gerg, Thomas Blanford, Daniel Brown, Vishal
Monga. Domain Enriched Deep Networks for Munition Detection in Underwater 3D
Sonar Imagery. In: IEEE International Geoscience and Remote Sensing Symposium.
2022.
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[10] Isaac D. Gerg, Vishal Monga. Real-Time, Deep Synthetic Aperture Sonar (SAS) Auto-
focus In: IEEE International Geoscience and Remote Sensing Symposium. 2021. (3rd
place student paper competition.)

[11] Isaac D. Gerg, David. P. Williams, Vishal Monga. Data Adaptive Image Enhancement
and Classification for Synthetic Aperture Sonar. In: IEEE International Geoscience
and Remote Sensing Symposium . 2020.

[12] John McKay Isaac D. Gerg, Vishal Monga. Bridging the gap: Simultaneous fine tuning
for data re-balancing. In: IEEE International Geoscience and Remote Sensing Sympo-
sium . 2018.

CONFERENCE
PUBLICATIONS

[13] Isaac D. Gerg, Benjamin Cowen. Exploring the Impact of Erroneous Labels on Syn-
thetic Aperture Sonar Classifier Performance. In: Institute of Acoustics (IOA) SAS/SAR
Conference. 2023.

[14] Isaac D. Gerg, Vishal Monga. Preliminary Results on Distribution Shift Performance of
Deep Networks for Synthetic Aperture Sonar Classification In: IEEE OCEANS. 2022.

[15] Isaac D. Gerg, Vishal Monga. A Learnable Image Compression Scheme for Synthetic
Aperture Sonar Imagery In: IEEE OCEANS. 2021.

[16] Yung-Chen Sun, Isaac D. Gerg, Vishal Monga. Iterative, Deep, and Unsupervised Syn-
thetic Aperture Sonar Image Segmentation. In: IEEE OCEANS. 2021.

[17] Isaac D. Gerg, Daniel, C. Brown, Steven G. Wagner, Daniel Cook, Brian B. O’Donnell,
Thomas Benson. GPU Acceleration for Synthetic Aperture Sonar Image Reconstruc-
tion. In: IEEE OCEANS . 2020.

[18] Albert Reed, Isaac D. Gerg, John D. McKay, Daniel C. Brown, David P. Williams, Suren
Jayasuriya. Coupling rendering and generative adversarial networks for artificial SAS
image generation. In: IEEE OCEANS . 2019.

[19] Daniel C. Brown, Shawn F. Johnson, Isaac D. Gerg, Cale F. Brownstead. Simulation
and testing results for a sub-bottom imaging sonar. In: Proceedings of Meetings on
Acoustics . 2019.

[20] David P. Williams, Ronan Hamon, Isaac D. Gerg. On the benefit of multiple representa-
tions with convolutional neural networks for improved target classification using sonar
data. In: Underwater Acoustics Conference & Exhibition. 2019.

[21] Brien Reinhardt, Isaac D. Gerg, Daniel C. Brown, Joonho Park. Measuring Human As-
sessed Complexity in Synthetic Aperture Sonar Imagery Using the Elo Rating System.
In: Institute of Acoustics 4th International Conference for Synthetic Aperture Sonar and
Radar. 2018.

[22] Isaac D. Gerg, David P. Williams. Additional Representations for Improving Synthetic
Aperture Sonar Classification Using Convolutional Neural Networks. In: Institute of
Acoustics International Conference for Synthetic Aperture Sonar and Radar. 2018.

[23] John McKay, Isaac D. Gerg, Vishal Monga, Raghu G. Raj. What’s mine is yours: Pre-
trained CNNs for limited training sonar ATR. In: IEEE OCEANS. 2017.

[24] Isaac D. Gerg. Multiband SAS Imagery. In: Institute of Acoustics International Confer-
ence for Synthetic Aperture Sonar and Radar. 2014.

[25] Isaac D. Gerg. An evaluation of three endmember extraction algorithms: ATGP, ICA-
EEA & VCA. In: IEEE Workshop on Hyperspectral Image and Signal Processing:
Evolution in Remote Sensing. 2014.
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INVITED TALKS [26] Isaac D. Gerg. Demystifying AI in Healthcare: An Intro to Large Language Models. At
International Pediatric Endosurgery Group, Virtual, United States. June 2023.

[27] Isaac D. Gerg. Preliminary Results on Distribution Shift Performance of Deep Networks
for Synthetic Aperture Sonar Classification. At IEEE OCEANS Conference, Virginia,
United States. October 2022.

[28] Isaac D. Gerg, et al. Coupling rendering and generative adversarial networks for artificial
sonar image generation. At Synthetic Data for Privacy, Security and Augmentation.
Center for Accountable, Responsible and Transparent AI. University of Bath. 2022.

[29] Isaac D. Gerg, Daniel C. Brown. The Advanced Synthetic Aperture Sonar Imaging eN-
gine (ASASIN), a time-domain backprojection beamformer using graphics processing
units. At Acoustical Society of America, Hawaii, United States. October 2016.

[30] Isaac D. Gerg, Daniel C. Brown. Moving away from the phase center approximation
in micronavigation for synthetic aperture sonar. At Acoustical Society of America,
October 2016. Hawaii, United States.

OTHER
PUBLICATIONS

[31] Isaac D. Gerg. An Overview and Example of the Buffer-Overflow Exploit. In: IA
Newsletter. Department of Defense Information Assurance Technology Analysis Cen-
ter (IATAC), Vol. 7, No.4, 2005.

CONFERENCE
TALKS WITHOUT
PUBLICATION

[32] Isaac D. Gerg. New and Open Source Technologies for Next Generation SIGINT Appli-
cations. At Raytheon Information Systems & Computing Symposium, Norwood, MA.
April 2009.

[33] Isaac D. Gerg. Speedy, Unsupervised Hyperspectral Exploitation. At 7th Raytheon Sys-
tems and Software Symposium, Tucson, AZ. May 2008.

[34] Isaac D. Gerg and Stephen Wagner. High-Speed Interconnect Trade Study for a Real-
Time Signal Processing System. At 5th Raytheon Systems and Software Symposium,
Denver, CO. March 2006.

[35] Isaac D. Gerg. Low Cost/Performance Distributed Architecture Evaluation for Use in a
Real-Time Signal Processing System. At Raytheon PSTN Mini-Expo, Fort Wayne, ID.
October 2005.

SOFTWARE Creator of Open Source MATLAB Hyperspectral Toolbox
(https://github.com/isaacgerg/matlabHyperspectralToolbox)

SERVICE Referee Service
• IEEE Geoscience and Remote Sensing Letters (GRSL)
• IEEE International Geoscience and Remote Sensing Symposium (IGARSS)
• IEEE International Conference on Acoustics, Speech, & Signal Processing (ICASSP)
• IEEE International Conference in Image Processing (ICIP)
• IEEE Journal of Oceanic Engineering (JoE)
• IEEE Sensors Journal
• IEEE Transactions on Geoscience and Remote Sensing (TGRS)
• Multidisciplinary Digital Publishing Institute (MDPI)
• National Science Foundation (NSF)
• Penn State College of Engineering / ARL Seed Proposals
• Penn State Schreyer Honors College Application Reviewer 2002.

Session Chair
• IEEE International Geoscience and Remote Sensing Symposium (IGARSS), 2022
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