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ABSTRACT 
 
The Digital Imaging and Remote Sensing Image Generation (DIRSIG) model is an established, first-principles based 
scene simulation tool that produces synthetic multispectral and hyperspectral images from the visible to long wave 
infrared (0.4 to 20 microns).  Over the last few years, significant enhancements such as spectral polarimetric and active 
Light Detection and Ranging (LIDAR) models have also been incorporated into the software, providing an extremely 
powerful tool for algorithm testing and sensor evaluation.  However, the extensive time required to create large-scale 
scenes has limited DIRSIG’s ability to generate scenes “on demand.”  To date, scene generation has been a laborious, 
time-intensive process, as the terrain model, CAD objects and background maps have to be created and attributed 
manually. 
 
To shorten the time required for this process, we are initiating a research effort that aims to reduce the man-in-the-loop 
requirements for several aspects of synthetic hyperspectral scene construction.  Through a fusion of 3D LIDAR data 
with passive imagery, we are working to semi-automate several of the required tasks in the DIRSIG scene creation 
process.  Additionally, many of the remaining tasks will also realize a shortened implementation time through this 
application of multi-modal imagery.  This paper reports on the progress made thus far in achieving these objectives. 
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1.  INTRODUCTION 
 
In recent years, the remote sensing community has seen significant advances in the development of non-traditional 
imaging techniques.  With the advent of commercial imaging spectrometers, hyperspectral image analysis has been near 
the forefront of this boom, and algorithms exploiting the spectral content of a scene continue to evolve.  However, in 
many cases, testing, validation and training of these algorithms requires the use of well-calibrated datasets, the 
generation of which can be expensive and time prohibitive1.  As such, quality hyperspectral synthetic imagery can be a 
tremendous asset, as often the simulated data is able to reduce or eliminate the need for costly real-world data collection 
campaigns.  Additionally, realistic synthetic image generation (SIG) enables engineers to evaluate the final image 
products given the parameters of the sensor.  This may be done to evaluate an existing sensor under a host of 
illumination, atmospheric and geometric scene conditions, but it may also be done before the sensor is even built.  As 
such, SIG is often a critical component in the design process of new sensors. 
 
Light Detection and Ranging (LIDAR) systems have undergone a similar maturation in the last decade, and the use of 
laser-scanning systems to produce three-dimensional imagery is now widespread.  However, even with the proliferation 
of this technology, many researchers are still lacking quality data sets with corresponding truth measurements.  This is 
especially true for those working in the area of multi-modal image fusion, where the LIDAR data is augmented by 
imagery from an additional sensor.  In this field, accurate registration of the imagery is critical, yet without truth data 
the quality of this registration is often difficult to ascertain.  However, with a good multi-modal SIG model, synthetic 
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combined datasets with associated truth values are easy to obtain.  Additionally, synthetic LIDAR images may be used 
for the characterization and design of sensors, much as they were in the hyperspectral case.  For these reasons, the 
ability to produce accurate simulated imagery can be of great benefit to the LIDAR community as well. 
 
The Digital Imaging and Remote Sensing Image Generation (DIRSIG) model described in the following section is a 
tool capable of creating this desired synthetic imagery.  Given a pre-defined scene, it generates an accurate 
representation of what a passive electro-optical (EO) or active LIDAR sensor would detect under specified conditions 
by modeling the relevant physical processes in the imaging chain.  Its use has been well documented in the literature 
(see Ientilucci1 and Schott et al.2 for example), and it is currently being used in both academia and industry.  However, 
while it is fairly easy to model different sensor designs, atmospheric conditions and geometries for a given scene, the 
current process for actually generating a DIRSIG scene is quite involved.  As a case in point, the creation of the 
MegaScene documented by Ientilucci1 took a team of researchers well over a year to complete. 
 
To shorten the time required for this process, we have begun work that aims at reducing the man-in-the-loop 
requirements for several aspects of DIRSIG scene construction.  Through a fusion of 3D LIDAR data with passive EO 
imagery, we are working to partially-automate several of the required tasks in the scene creation process.  Additionally, 
many of the remaining tasks will also realize a shortened implementation time through this application of multi-modal 
imagery.  This paper reports on the progress made thus far in achieving these objectives. 
 
 

2.  THE DIRSIG MODEL 
 
The DIRSIG model is a complex synthetic image generation utility that was developed at the Digital Imaging and 
Remote Sensing (DIRS) Laboratory at the Rochester Institute of Technology (RIT) over the last 20 years.  The tool was 
originally designed to model the thermal infrared region of the electromagnetic spectrum, but was expanded several 
years ago to cover the full visible to long-wave infrared (0.4 to 20 micron) range.  It effectively models broadband, 
multispectral and hyperspectral imagery using a suite of first-principles based radiation propagation modules.  These 
modules perform specific tasks such as predicting bi-directional reflectance functions (BRDF), computing time and 
material dependent surface temperature values, and computing the dynamic viewing geometries of scanning instruments 
on a moving platform.  In addition to these DIRSIG-specific modules, the tool leverages several utilities (such as 
MODTRAN and FASCODE) that have been used extensively by the remote sensing community. 
 
In 2002, a first-principles-based LIDAR model was incorporated into the passive radiometry framework enabling the 
model to calculate arbitrary, time-gated photon counts at the sensor for atmospheric, topographic, and volumetric 
backscattered returns.  The DIRSIG LIDAR model was first developed by Burton3, and it was recently expanded by 
Blevins4 to handle a wide variety of complicated scene geometries, diverse surface and participating media optical 
characteristics, and a variety of sensor models.  The LIDAR module now includes the effect of multiple scattering, 
multiple bounces from topographical targets, and absorption within non-homogenous finite volumes.  Additionally, 
several noise sources are extensively modeled, such as speckle from rough surfaces and atmospheric turbulence phase 
effects.  As such, DIRSIG is now able to help researchers evaluate design trades for topographic systems and the impact 
that scattering constituents (e.g. water vapor, dust, sediment, soot, etc.) may have on a Differential Absorption LIDAR 
(DIAL) system’s ability to detect and quantify constituents of interest within volumes including water and atmospheric 
plumes4. 
 
Although the passive and active models used by DIRSIG are valuable in their own right, in many applications the 
ability to integrate passive EO and LIDAR simulations using a common scene (and potentially common viewing 
geometries) is of even greater utility.  The multi-modal capabilities of the DIRSIG model allow designers to evaluate 
both passive and active approaches to solving specific imaging problems, as well as potential fusion techniques using 
both image modalities.  Additionally, the upper performance limit for a given approach may be more easily determined 
when using a common baseline scene. 
 

Proc. of SPIE Vol. 6214  62140I-2


