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ABSTRACT

Traditionally, synthetic imagery has been constructed to simulate images captured with low resolution, nadir-
viewing sensors. Advances in sensor design have driven a need to simulate scenes not only at higher resolutions but
also from oblique view angles. The primary efforts of this research include: real image capture, scene construction
and modeling, and validation of the synthetic imagery in the reflective portion of the spectrum. High resolution
imagery was collected of an area named MicroScene at the Rochester Institute of Technology using the Chester F.
Carlson Center for Imaging Science’s MISI and WASP sensors using an oblique view angle. Three Humvees, the
primary targets, were placed in the scene under three different levels of concealment. Following the collection, a
synthetic replica of the scene was constructed and then rendered with the Digital Imaging and Remote Sensing
Image Generation (DIRSIG) model configured to recreate the scene both spatially and spectrally based on actual
sensor characteristics. Finally, a validation of the synthetic imagery against the real images of MicroScene was
accomplished using a combination of qualitative analysis, Gaussian maximum likelihood classification, and the
RX algorithm. The model was updated following each validation using a cyclical development approach. The
purpose of this research is to provide a level of confidence in the synthetic imagery produced by DIRSIG so that
it can be used to train and develop algorithms for real world concealed target detection.
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1. INTRODUCTION

Synthetic imagery is a critical component of Imaging Science for many reasons. It allows sensor designers the
opportunity to create virtual versions of a sensor without many of the problems associated with creating costly
physical versions. Synthetic image generation (SIG) tools also allow system users the ability to determine the
best way to utilize a particular sensor design. Those users can model prospective scenes and determine the
combination of parameters, such as acquisition time, view angle, and weather conditions that maximizes image
quality. Another major benefit of computer modeling is the ability to do detailed error analysis. SIG tools allow
a user total control over the process, so that physically impossible experiments, like completely removing the
atmosphere or removing noise from the system, are possible. With these tools designers can study exactly where
the problems are in the image chain and determine how much each piece contributes to the overall system error.1

The sensor design, atmospheric conditions, resolution, spectral regions, and targets can all be modified with a
fraction of the cost that would be required when acquiring the information from real world scenes.

The main focus of this research is on exploring the utility of synthetic imagery in the area of automatic target
recognition (ATR) algorithms. Once a virtual scene is constructed, the parameters that effect the detection
capabilities of an ATR algorithm, such as resolution, view angle, and spectral region, can be changed much more
readily in a computer than having to create physical versions of that same scene. The algorithms can then be
tested against a much more rigorous data set. In addition to ATR validation, SIG tools can potentially train ATR
algorithms. Many common ATR algorithms use statistical or non-parametric classifiers and therefore require a
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great deal of training data. Multiple scenes must be imaged for use as training data for ATR algorithms in order
to increase the algorithm’s understanding of the different conditions in which a target may be found. This is
especially true when training hyperspectral algorithms. Most ATR algorithms suffer from a lack of training data
and that problem is compounded when the dimensionality (e.g. number of spectral bands) of the problem is
large.2 SIG can potentially be a very useful tool for populating the training data when real data is not available.
For matched filter or anomaly detection algorithms that do not require training sets, realistic variability within
the model becomes key. Too little variability leads to artificially high detection rates.

All of this requires that the SIG model be physically accurate at all levels of the scene that are of importance
to the sensor being modeled or the algorithm being trained. The creation of a SIG scene is a very time consuming
process because of all of the real world information that must be acquired and cataloged before the simulation
can be run. Also, all of the significant underlying phenomenology of the physical world must be understood.

This paper will provide an overview of an effort to validate the Rochester Institute of Technology’s (RIT)
Digital Imaging and Remote Sensing Image Generation (DIRSIG) tool for target detection algorithms. In the
course of the research, truth imagery of the scene was acquired using RIT’s Multispectral Imaging Spectrometer
Instrument (MISI), a virtual replica scene was constructed, and a detailed comparison of the resulting imagery
was conducted. The model is referred to as MicroScene, which gets its name because it is smaller in total area,
but is modeled at higher resolution than its counterpart, MegaScene.3

2. DATA COLLECTION

In order to understand how well the synthetic model performs at simulating real phenomenology, real scenes need
to be imaged for comparison. This section provides an overview of the truth image collection that was conducted
of the MicroScene area at RIT. The imagery was obtained using two imaging instruments owned and operated
by RIT, MISI and the Wildfire Airborne Sensor Program (WASP). The WASP sensor is primarily a thermal
instrument. It was not used in the validation of the DIRSIG model, but it’s high resolution, panchromatic,
framing array camera was used for fine tuning the spatial locations of objects in the virtual scene.

MISI is an airborne, line scanning instrument with a 6” rotating mirror coupled with a f/3.3 Cassegrainian
telescope. The instrument contains many spectral bands. MISI’s broadband capability measures the visible,
SWIR, MWIR, and LWIR regions of the spectrum. Two separate 36-channel spectrometers cover the electro-
magnetic spectrum from from 0.44µm to 1.02µm at .01µm increments. The system has been used at RIT for
high-altitude aircraft and satellite sensor performance evaluation, data collection for algorithm development, and
as a survey instrument for demonstrating proof-of-concept studies in areas ranging from, water quality assessment
to energy conservation.4

Figure 1 provides a complete overview of the MicroScene area and the locations of the sensors and targets.
The sensors were placed on top of a scissor cart in the scene at the location depicted in Figure 1. Then, the
scissor cart was raised to an elevation of 50 feet. MISI required a mechanical table to rotate the sensor across
the scene to simulate aircraft movement in the along-scan direction. The base of the cart was approximately 100
feet from the center of the target locations which resulted in a nominal resolution of approximately 3 inches.

The primary targets in the scene are three military Humvees. The vehicles were placed at three locations
in the scene under various levels of concealment. The first placement was at the box labelled as “Uncovered
Humvee” in Figure 1. This was done so that no trees were in front the vehicle and only limited tree cover behind.
The second vehicle was located at the box labelled “Humvee In Trees” so that the vehicle was surrounded by
trees and only partially visible to the sensors. Finally, the last Humvee was placed at the location of the box
labelled “Camo Humvee”, where it was draped with woodland camouflage netting. Supplemental camouflage
(i.e. twigs, grass, leaves, etc.) were not used for the sake of simplicity. The camouflage draped Humvee was
placed in this configuration in the open so that a clear view could be obtained of the camouflage netting, its
contours and also the shadowing created by the camouflage pattern. The three Humvee placements can be seen
in Figure 2.

In addition to the imagery, many reflectance curves of the surrounding background were collected to populate
DIRSIG’s material properties database. This was accomplished in the field with an ASD Spectroradiometer and
in the laboratory with a CARY 500. Many atmospheric parameters were also measured during the collection.
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