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ABSTRACT 
 
The Image Data Automated Processing System (IDAPS), used by the 96th Communications 
Group, Test and Analysis Division at Eglin AFB, has proven to be a valuable tool for evaluating 
flight releases of fuel tanks, bombs, missiles, and other stores. The legacy VMS-based system 
can digitize 16mm or 35mm film and superimpose a computer-generated model over the store, 
allowing the user to calculate a 6DOF trajectory. This paper describes upgrades to the system, 
including re-hosting from a VMS/Alpha VME rack-based system to a Linux-based PC system 
and adding color image capability, increased image resolution, image enhancement, and CAD-
based modeling of stores. 
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INTRODUCTION 
 
Store separation analysis is one of the most challenging problems in aerospace engineering, and 
is vital in ensuring the safety of the pilot, aircraft, and success of the mission. It consists of 
studying the trajectory of a bomb, missile, or fuel tank as it released from an aircraft. This flight 
testing, along with wind-tunnel testing, Computational Fluid Dynamics, and static drops, plays a 
critical role in certifying weapons and other stores. Store separation data is collected in-flight by 
mounting cameras at strategic locations on an aircraft to record the release. Photogrammetric 
techniques can be used to determine the position and orientation of the store captured on each 
frame of film or digital image. 
 
The 96th Communications Group, Test and Analysis Division, has been collecting and analyzing 
store separation data for many years using the Image Data Automated Processing System 
(IDAPS), a specialized computer system with unique hardware and software components. This 
system has remained stable for nearly a decade and has proven reliable and accurate, but is in 
need of enhancement to accommodate changes in technology and mission characteristics. 
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LEGACY SYSTEM DESCRIPTION 

 
IDAPS is composed of a rack-mounted computer system, custom software, and a mechanism for 
digitizing film. The backbone of the system is a VME chassis controlled by a Digital Alpha 
Server 4100 computer. The application software is X Windows-based and is run under the 
OpenVMS operating system. The maximum display capability is 1280x1024 with 8-bit color 
depth. 
 

 

 
Figure 1. Legacy IDAPS System 

 
 
Film digitization is accomplished by combining a Mekel 16mm/35mm film transport and a 
Kodak MegaPlus 1.4i digital camera. Although the camera’s CCD is capable of capturing a 
1317x1035 pixel image with 256 grey levels, image resolution is limited to 1280x900 due to the 
constraints of the camera control and image capture cards. Images are displayed and manipulated 
using the C4PL graphics package. 
 
The data reduction application software is written in C, FORTRAN, and C4PL script code. It 
provides a menu-driven X Window user interface to allow the user to capture and store images, 
calculate an object’s 6DOF position, and generate plots detailing the trajectory over time. The 
6DOF position is determined by superimposing a wire-frame model of an object over a digitized 
image and using GUI controls to manipulate the model’s position and orientation to match the 
store in the scene. The process is user-intensive and requires a skilled operator with a trained eye 
to produce accurate readings. 
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Figure 2. Digitized image of store with wire-frame model overlay 

 
 

NEW REQUIREMENTS 
 
As with any system, IDAPS is not immune to changing technology and new mission scenarios. 
Obsolete hardware, image limitations, and modern aerodynamic store shapes have driven the 
need for a system-wide upgrade. The main requirements were: 
 

1. PC-based rehost – due to high annual maintenance costs, difficulty finding replacement 
parts, and limited technical support of the VMS/VME hardware. 

 
2. Direct support for digital images – many flight test missions are changing from film-

based recording to digital cameras. The system must be able to accept these new formats. 
 

3. Color imaging – even if the flight data is recorded in color, the current system is limited 
to grey-scale images due to the MegaPlus camera and imaging libraries. In many cases, 
color images would greatly improve the operator’s ability to discern the store from the 
rest of the image. 

 
4. Image enhancement – the current system only allows for user adjustment of image 

brightness. A set of image enhancement tools (e.g., contrast stretching, histogram 
equalization, and edge enhancement) is needed to improve store visibility. 

 
5. 3D CAD Models – in the current system, the wire-frame model is composed of cylinders, 

truncated cones, and a restricted set of straight line segments. This poses severe 
limitations when trying to model a store with an asymmetric body shape (with respect to 
rotational symmetry) such as a precision guided cruse missile. 
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Figure 3. Modern store lacking rotational symmetry 
 

 
SYSTEM REHOST 

 
The decision was made to modify the IDAPS source to allow the software to operate on a COTS 
PC, eliminating the need for specialized hardware. Linux was chosen as the operating system 
both for its stability and because, although the IDAPS software was running in production on a 
VMS system, the IDAPS software already had compiler directives to allow it to be built and run 
on a SUN UNIX-based workstation. A standard Dell Precision 650 with Red Hat 8.0 Linux was 
purchased for the new production IDAPS system. 
 
The first step was to recompile and run the legacy IDAPS software intact on the Linux system so 
regression tests could be performed to compare its performance with the VMS-based system. 
Minimal software modifications were necessary, but two operating system-specific components 
needed to be replaced. A Linux version of the C4PL software libraries was obtained and a VMS-
specific plotting package was replaced with the open-source Gnuplot for Linux. 
 
The second step was to address the image digitization need. Due to the cost of processing film 
and the quick turnaround of digital camera data, many store separation program offices are 
planning the eventual phase-out of film in favor of direct digital recording. However, this will 
undoubtedly take many years, so a solution was needed to maintain the IDAPS film processing 
capability for the short term. Since developing a new capability to digitize film in-house would 
break the COTS PC concept, the decision to utilize a commercial turnkey image-processing 
workstation was made. 
 
 

DIGITIZATION AND PREPROCESSING 
 

Front-end processing of image data for IDAPS is accomplished via a TrackEye workstation, 
developed by Image System AB of Sweden, and distributed domestically by Photo-Sonics Inc. 
This system was selected because it meets all IDAPS film digitization and image processing 
needs as well as other 96th Communications Group image tracking needs, such as fixed camera 
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and Contraves cinetheodolite. It is a mature system with over 12 years of development and a 
proven track record of use at over 20 ranges throughout the world. 
  
The system is built upon a high-end MS Windows-based PC. It is a fully modular system capable 
of handling a wide range of sophisticated range motion analysis requirements. Operations are 
controlled visually through an icon-based sequencing system. It is able to import and export a 
wide variety of standard image formats including TIFF, AVI, BMP, and MPEG2. It can read 
several digital camera formats—including those already being used in flight tests such as ASVS 
and Phantom. Image processing capabilities include filtering, histogram equalization, color-
balancing, contrast stretching, and filtering. 
 
TrackEye uses a proprietary scanner developed by Image Systems AB for film digitization. The 
scanner uses a linear 4096 pixel CCD sensor and can process 16mm and 35mm film. The 
resulting 24-bit color image resolutions are 4096x2402 for 35mm film and 2816x1348 for 16mm 
film. The scanner utilizes a capstan and optical reading of film perforations for precision 
registration and reduced wear of the film. 
 

 
Figure 4. TrackEye computer system with scanner 

 
 

DISPLAY UPGRADE 
 
The new IDAPS display was developed using OpenInventor, a platform-independent object-
oriented toolkit built on OpenGL. The toolkit provides the means for development of an 
interactive 3D application. This lends itself well to the IDAPS design, whereby the user must be 
able to manipulate an overlay model through six dimensions to match an item on a digitized 
image. 
 
To obtain a photorealistic representation of a 3D scene, OpenInventor uses a tree-based scene 
graph concept with nodes for views, drawing-objects, cameras, lights, and transformations. Since 
the toolkit is high-level and encapsulates the detail of rendering such items, direct calls to 
OpenGL were necessary to be able to display the digitized image as a background of the scene. 
 
To calculate the field-of-view, center of optics, view volume, and other attributes for the camera 
node, a calibration process was developed. This was based on the legacy system’s procedure. A 
calibration image is obtained by photographing a wire-frame cube, of known size, aligned 
parallel to the camera focal plane. The calibration image is digitized and the four edge locations 
(each) of the near and far planes are read by the user. This is done for each camera/lens 
combination. 
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Figure 5. Perspective drawing of a 12x12 wire-frame calibration cube 

 
 
In order for 3D objects to be processed by OpenInventor and rendered on the IDAPS display, 
they must be modeled in the Inventor file format. This CAD format provides a mathematical 
description of an object broken down into points, lines, and polygons. Many of the stores read by 
IDAPS are already available in CAD format and can be obtained from the manufacturer. Often 
they are not delivered in Inventor format and need to be converted and cleaned-up using a COTS 
software tool such as Unigraphics, Rhinoceros, 3DExploration, and ivfix. 
 
The new IDAPS OpenInventor display worked well in allowing the user to perform translations 
and rotations on a complex object to manipulate it in 3D space, but detailed models contain a 
large number of lines to render the object’s mesh surface. This obscures the item to be matched 
underneath, so a silhouetting algorithm developed by the University of Magdeburg was 
employed. 
 

 
 Figure 6. Wire-mesh of CAD model on left versus silhouette on right 
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CONCLUSION 
 
As changes in technology and test mission objectives have imposed new challenges for store 
separations analysis, the IDAPS system used by the 96Communications Group has evolved to 
meet them. At the time of this writing, the implementation for this project is nearing completion. 
System testing is scheduled for Summer 2005. 
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