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ABOUT DTIC AND DSIAC

The Defense Technical Information Center (DTIC) preserves, curates, and shares knowledge
from the U.S. Department of Defense’s (DoD's) annual multibillion dollar investment in science
and technology, multiplying the value and accelerating capability to the Warfighter. DTIC
amplifies this investment by collecting information and enhancing the digital search, analysis,
and collaboration tools that make information widely available to decision makers, researchers,
engineers, and scientists across the Department.

DTIC sponsors the DoD Information Analysis Centers (IACs), which provide critical, flexible, and
cutting-edge research and analysis to produce relevant and reusable scientific and technical
information for acquisition program managers, DoD laboratories, Program Executive Offices,
and Combatant Commands. The IACs are staffed by, or have access to, hundreds of scientists,
engineers, and information specialists who provide research and analysis to customers with
diverse, complex, and challenging requirements.

The Defense Systems Information Analysis Center (DSIAC) is a DoD IAC sponsored by DTIC to
provide expertise in 10 technical focus areas: weapons systems; survivability & vulnerability;
reliability, maintainability, quality, supportability, and interoperability (RMQSI); advanced
materials; military sensing; autonomous systems; energetics; directed energy; non-lethal
weapons; and command, control, communications, computers, intelligence, surveillance, &
reconnaissance (C4ISR). DSIAC is operated by SURVICE Engineering Company under contract
FA8075-21-D-0001.

A chief service of the DoD IACs is free technical inquiry (Tl) research, limited to 4 research hours
per inquiry. This Tl response report summarizes the research findings of one such inquiry
jointly conducted by DSIAC.
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ABSTRACT

The Defense Systems Information Analysis Center (DSIAC) was asked to identify machine
learning (ML) and/or computer vision research being done to detect battle damage using
satellite images. The research can be applied to developing tools to automate physical battle
damage assessment. DSIAC searched the Defense Technical Information Center’s repository,
the R&E Gateway, a variety of literature databases, and open-source information to locate
relevant research. A promising study from researchers in Spain combined computer vision
techniques and publicly available, high-resolution satellite images to produce building
destruction estimates. Researchers then trained a convolutional neural network to spot
destruction features from heavy weaponry attacks in satellite images. Research related to ML
that detects damage after natural disasters is included in this report, as some of the techniques
and algorithms may be translated to detecting battle damage.
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1.0 Tl Request

1.1 INQUIRY

What machine learning (ML) research has been done to detect battle damage using satellite
images?

1.2 DESCRIPTION

The inquirer is interested in researching and developing tools to automate physical battle
damage assessment of buildings from satellite images using ML (computer vision tools using
neural networks).

2.0 Tl Response

The Defense Systems Information Analysis Center researched open-source information and
literature databases to identify relevant battle damage research. Many studies have
demonstrated the use of computer vision or ML on satellite imagery to identify different types
of destruction from natural disasters. Natural disaster damage tends to be spatially
concentrated, focusing on one point in time, and uses training datasets made of damaged and
undamaged images [1]. Finding existing data on building destruction in conflict zones typically
relies on eyewitness reports or manual detection, making datasets scarce, incomplete, and
potentially biased. This lack of data limits media reporting, humanitarian relief efforts, human-
rights monitoring, and battle damage assessments. An automated building-damage classifier for
use with satellite imagery, which has a low rate of false positives in unbalanced samples and
allows tracking on-the-ground destruction in close to real-time, would be valuable for a variety
of U.S. Department of Defense purposes.

This report will describe research that applies ML for battle damage detection and to natural
disaster damage. The latter is included in the report so the techniques and/or research can
hopefully be applied to battle damage detection in the future.

2.1 DETECTING BATTLE DAMAGE
2.1.1 Syrian Civil War Battle Damage Detection

In 2021, Spanish researchers introduced an automated method of measuring destruction in
high-resolution satellite images using deep-learning techniques combined with label
augmentation and spatial and temporal smoothing, which exploit the underlying spatial and
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temporal structure of destruction [1]. As a proof of concept, they applied this method to the
Syrian Civil War and reconstructed the evolution of damage in major cities across the country.

Researchers combined computer-vision techniques and publicly available high-resolution
satellite images to produce building-destruction estimates. They trained a convolutional neural
network (CNN) to spot destruction features from heavy weaponry attacks in satellite images,
including rubble from collapsed buildings and the presence of bomb craters.

A label-augmentation method was used for expanding destruction class labels. Next, a two-
stage classification process was used to control spatial and temporal noise. The CNN results are
processed through a random-forest model that relies on spatial and temporal leads and lags to
improve classification performance. Finally, researchers applied their trained computer-vision
model to repeated satellite images of the entire populated areas of major Syrian cities and
produced longitudinal estimates of building destruction over the course of the Syrian Civil War.

Results highlighted the importance of repeated satellite imagery combined with temporal
filtering to improve monitoring performance. This approach can be applied to any populated
area, given that repeated, high-resolution satellite imagery is available. The method of
identifying building destruction combines the existing state-of-the-art computer-vision methods
with an additional postprocessing step and exploits the time dimension of destruction data to
expand the training dataset. This allowed researchers to exploit the repetition of imagery to
bring down error rates when classifying destruction. Due to these advances, researchers could
achieve an area under the receiver operating characteristic curve (abbreviated as AUC) of
above 0.9 and an average precision of over 0.42 in the unbalanced sample from six Syrian cities.
It was also shown that this approach can identify the timing and location of building destruction
out of sample, i.e., in areas of Aleppo that have not been used for training the classifier.

2.1.2 Google Artificial Intelligence (Al) Building Damage Detection

A team from Google Al used ML to automate the detection of building damage in satellite
imagery by comparing the following four different CNN models after the 2010 Haiti earthquake
[2]:

1. Concatenated Channel Model: Concatenate the pre- and postdisaster images into a
single six-channel image to use as the baseline model.

2. Postimage-Only Model: Only uses the three-channel postdisaster image as input. This
model loses the information from the predisaster image but avoids problems such as
misalignment and brightness differences in the pre- and postdisaster images.

3. Twin-Tower Concatenate (TTC) Model: This architecture is designed to compare the
pre- and postdisaster images based on abstract features extracted by the convolutional
layers instead of comparing pixels directly. This makes the model more robust to
nonuniformity in the pre- and postdisaster images, such as misalignment.

DISTRIBUTION A. Approved for public release: distribution unlimited. 2



\
Defense Systems
Information Analysis Center

4. Twin-Tower Substrate (TTS) Model: The same as TTC except it combines the extracted
feature values by subtracting them elementwise instead of concatenating them. This
architecture is designed to capture the differences more directly in the pre- and
postdisaster images, which is a good indicator of building damage.

Experiment results showed twin-tower models outperformed single-tower models and the TTS
model achieved the best performance with 0.832 validation AUC. This indicated that useful
information could be extracted by comparing buildings and their surroundings in the
postdisaster images against those in the predisaster images. Based on these results, researchers
used the TTS model in all subsequent experiments and found that this can be applied to new
regions and disasters once it is fine-tuned using a small set of samples from that region.

2.2 DETECTING NATURAL DISASTER DAMAGE

Most of the ML research on detecting building damage using satellite imagery focused on
postnatural disasters. Some brief overviews of current research in this area are included to
hopefully assess battle damage in a comparable manner.

2.2.1 University of California, Berkeley Research

A team based at the University of California, Berkeley, devised an ML system to tap the
problem-solving potential of satellite imaging using low-cost, easy-to-use technology that could
bring access and analytical power to researchers and governments worldwide [3]. The study “A
Generalizable and Accessible Approach to Machine Learning With Global Satellite Imagery” was
published in July 2021.

The system is called the Multi-Task Observation using Satellite Imagery and Kitchen Sinks, or
MOSAIKS. MOSAIKS could have the capability to analyze hundreds of variables drawn from
satellite data at a global level. This includes, but is not limited to, housing, health, poverty, soil
conditions, and water conditions.

2.2.2 Postnatural Disaster Satellite Imagery

Hurricanes

To improve the efficiency and accuracy of damage assessment, a team proposed to
automatically detect damaged buildings using image classification algorithms [4]. The method
was applied to the case study of 2017 Hurricane Harvey by a team from the University of
Washington. Research demonstrated that through deep learning, automatic detection of
damaged buildings could be accomplished satisfactorily. Other researchers can use the dataset
and methodology to study and experiment with different uses of satellite imagery in disaster
response. A pretrained architecture that achieves satisfactory results is also in the works to
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facilitate transfer learning either in feature extraction, fine tuning, or as a baseline to speed up
the learning process in future development/events with similar properties.

In 2019, North China University of Technology in Beijing, China, developed a damaged building
assessment method using a single-shot multibox detector (SSD) with pretraining and data
augmentation. The following aspects were highlighted from the research [5]:

1. Objects can be detected and classified into undamaged buildings, damaged buildings,
and ruins.

2. A convolution autoencoder (CAE) that consists of VGG16 is constructed and trained
using unlabeled postdisaster images. As a transfer learning strategy, the weights of the
SSD model are initialized using the weights of the CAE counterpart.

3. Data augmentation strategies, such as image mirroring, rotation, Gaussian blur, and
Gaussian noise processing, are utilized to augment the training data set.

Researchers used hurricane photos, and the data showed that the pretraining strategy could
improve up to 10% in terms of overall accuracy compared with the SSD trained from scratch.

Earthquakes and Explosions

A research group based at the University of Twente in The Netherlands tested an advanced
CNN for detecting visible structural damage after earthquakes and explosions [6]. Results
showed that quality metrics were influenced by the composition of training samples used in the
network. Three pretrained networks, optimized for satellites, airborne, and UAV image spatial
resolutions/viewing angles, were made available to the scientific community to promote their
wider use.

2.2.3 Defense Innovation Unit’s xView2 Challenge

In 2019, the Defense Innovation Unit's (DIU’s) xView2 Challenge sought to automate
postdisaster damage assessment. DIU challenged ML experts to develop computer vision
algorithms to speed up analysis of satellite and aerial imagery by localizing and categorizing
various types of building damage caused by natural disasters [7]. The competition sought out
computer-vision algorithms to locate and identify distinct objects on the ground that are useful
to first responders.

DIU created a new dataset, xBD, to enable localization and damage assessment before and
after disasters. The dataset provided the foundation for the challenge. While several open
datasets for object detection from satellite imagery already exist (e.g., SpaceNet and xView),
each represent only a single snapshot in time and lack information about the type and severity
of damage after a disaster.
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xBD allowed users to generate and test models to help automate building damage assessment.
The open-source, electro-optical imagery (0.3-m resolution) xBD dataset will encompass
700,000 building annotations across 5,000 km? of freely available imagery from 15 countries.
Seven disaster types are included—wildfire, landslides, dam collapses, volcanic eruptions,
earthquakes/tsunamis, winds, and floods.

The challenge resulted in 2,000+ submissions, with top solutions being deployed to assist in the
2020 California wildfires. End users also included the Federal Emergency Management Agency,
National Geospatial-Intelligence Agency, National Aeronautics and Space Administration,
California Air National Guard, California Governor’s Office of Emergency Services, and the
United Nations Satellite Centre UNOSAT.
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