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ABSTRACT 
 
The Image Data Automated Processing System (IDAPS), developed by the 96th Communications 
Group Test and Analysis Division at Eglin AFB, uses a CAD-based image matching technique to 
calculate a trajectory of a store separation event. The latest evolution of this system has been in 
production for several years and has proven to be both an accurate and a valuable tool for 
evaluating flight releases of bombs, fuel tanks, missiles, and other stores. This paper describes a 
prototype capability that is being developed for assessing fin and wing deployment angles. 
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INTRODUCTION 
 

Store separation is a vital area of study for the Air Force’s aircraft compatibility certification 
process. Store Separation analysis is conducted to ensure the safe in-flight release of various 
stores (e.g., munitions and fuel tanks), thus ensuring the safety of the aircraft and the pilot as 
well as providing the optimal trajectory that will put the weapon in a position most likely to 
achieve a successful mission. Many aircraft and store combinations exist — each must be 
certified for safe flight. Therefore, a significant amount of modeling and testing is conducted as 
part of this process.  
 
The Image Data Automated Processing System (IDAPS) is used by the 96th Communications 
Group, Test and Analysis Division for photogrammetric post-flight test store separation data 
collection and analysis. Data is gathered from one or more cameras mounted strategically on an 
aircraft to capture a store separation event. For most fighter plane missions, the store is visible at 
carriage from an external camera so only a single camera is used for analysis. The advantage that 
the IDAPS process has over other store separation systems for these single-camera missions is 
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that the cameras and store do not need to be surveyed and the store does not need to be outfitted 
with target decals. This results in a lower cost and quicker turnaround of test results. 
 
IDAPS has evolved many times over the last two decades to accommodate changes in 
technology and mission characteristics. The last significant upgrades included re-hosting to a 
PC-based environment and utilizing CAD modeling of stores. The next phase of development 
will include support for reading the position of moving features of a store, such as fins or wings. 
We have already demonstrated this capability with success as part of a prototype effort. This 
paper will describe how this new experimental function was implemented. 
 
 

IDAPS DESCRIPTION 
 
IDAPS is a data reduction and analysis workstation developed to obtain trajectory information 
from a store separation mission. It is composed of a high-end graphic workstation and a custom 
software application. Inputs to the system include a digital image sequence, lens calibration 
information, and a mathematical model of a store. From this, a time-tagged 6 degrees of freedom 
(DOF) store separation trajectory is produced by superimposing a wireframe model over each 
frame of a digital image sequence. 
 
The system is hosted on an HP xw9300 workstation running Red Hat Linux. The display 
hardware consists of an NVIDIA Quadro FX3400 PCI Express graphics card and dual 24 inch 
monitors. The application software was developed in C and FORTRAN and has a standard X-
Windows GUI. CAD rendering is accomplished via Open Inventor, which is a platform-
independent object-oriented toolkit built on OpenGL. 
 
IDAPS uses a database-like structure to manage image sequences from one or more cameras. 
Figure 1 illustrates four frames of an image sequence. The image file format used by the system 
is standard multi-TIFF, which many digital cameras can produce directly. Otherwise, images are 
pre-processed by a TrackEye workstation. TrackEye can read several digital camera formats-
including those already being used in flight tests such as ASVS and Phantom. It is able to import 
and export a wide variety of digital image formats including TIFF, AVI, JPEG, and MPEG2. It is 
also equipped with a scanner that can digitize 16mm and 35mm film. 
 
 

 
Figure 1. Image sequence 

 
 
To calculate the optical characteristics of an image sequence such as its field-of-view and center 
of optics, a calibration process must be conducted for each camera/lens combination. A 
calibration image is obtained by photographing a wire-frame cube of known size, aligned parallel 
to the camera focal plane (see Figure 2). The calibration image is digitized and the four edge 
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locations of both the near and far planes are read by the user. The system then uses a 
photogrammetric algorithm to determine coefficients used for depth and scaling. 
 

 
Figure 2. Lens calibration to calculate field-of-view 

 
 
Many of the stores read by IDAPS are available in CAD format and can be obtained from the 
manufacturer. Usually they are modeled in a popular commercial format and need to be 
simplified, transformed, and converted into the Open Inventor format. This is accomplished 
using a COTS software tool such as Unigraphics, Rhinoceros, 3DExploration, or ivfix. The 
conversion is a one-time process and the modified models can be reused with multiple missions. 
 
To avoid obscuring the detail of the item to be matched in the image, the CAD model is rendered 
as a silhouette with hidden lines removed. This drawing format provides an outline of the 
model’s prominent features that are only visible from the point of view of the camera. Solid and 
wire-mesh polygon rendering is available to the user as an option for testing and demonstration. 
These CAD representation formats are illustrated in Figure 3. 
 
 

 
Figure 3. Solid CAD model (left), wire-mesh (center), silhouette (right) 
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The process of determining the position and orientation of a store is accomplished by 
superimposing a wire-frame model of an object over a digitized image. The model is 
manipulated through 6 degrees-of-freedom using GUI controls until the model matches the store 
in the scene. The system performs the necessary translations, rotations, and scaling (all based on 
the lens calibration) to transform the model’s 2D pixel-location into a 6DOF position. This is 
done for each frame of the image sequence. 
 
The process is user-intensive and requires a skilled operator with an aptitude for visual-spatial 
manipulation to quickly and accurately position and orient a 3-dimensional model rendered on a 
2-dimensional computer screen to match a background image. Sufficient domain knowledge of 
store-separation is also required to give the user insight as to how the store will react during the 
release. Thus a user becomes proficient only after many hours of hands-on training and many 
years of operation. Figure 4 shows a wire-frame model in the process of being matched to a 
digitized image. 
 

 
Figure 4. Digitized image of store with wire-frame model overlay 

 
 

DEPLOYABLE SURFACES 
 
Most modern stores are precision guided munitions, many with true “fire and forget” capability. 
Therefore they are usually developed with a sophisticated set of fins and sometimes even wings 
to navigate the item to the target. These features are normally in a stowed position when the item 
is at carriage to reduce the item’s size and possibly the aerodynamic effects on the aircraft. Once 
the item is released from the aircraft, a fixed-length lanyard is used to initiate deployment of the 
fins and wings. Figure 5 below shows examples of the JASSM in its tucked position (as it would 
be stowed on an aircraft) and its open position (after it is released). 
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Figure 5. JASSM with fins/wings stowed (left) versus in-flight (right) 

 
 
It is vital that these movable features deploy correctly. The fins and wings must not open too 
soon and risk hitting the aircraft or other stores. On the other hand, they must also open soon 
enough to put the item in a position to accurately carry out its mission. 
 
The IDAPS process has traditionally been used to read the trajectory of an item with a static 
wire-frame model of the store. The model that was used was normally of the item with its 
deployable features stowed. The operator had to ignore the fins and wings as they were opening 
during the image sequence and concentrate on the body position of the store. Our challenge was 
to prototype a method to read the fins and wings using an animated CAD model with IDAPS that 
would allow the operator to adjust the model’s features to fit the item at various stages of the 
deployment sequence. 
 
 

CAD PREPARATION 
 

In order to animate a CAD model for use with IDAPS, there were some pre-processing steps that 
needed to be accomplished with CAD editing software. We used the Unigraphics NX software 
suite developed by UGS. It is a comprehensive software package used by professionals that 
contains a feature-rich set of tools and wizards for designing, developing, and editing CAD 
models. 
 
Normally, our CAD models are not a single monolithic entity, but an assembly composed of 
parts, features, and objects. The part or feature that needs to be animated has to be analyzed to 
determine the axis of rotation. This was done by creating a datum axis. A datum axis is a 
reference axis that the software allows the user to add to the model to ease with positioning parts. 
The datum axis was placed so that it would be oriented through the axle of the moving part (i.e. 
so the part would effectively rotate around the axis). The position and orientation of the datum 
axis in reference to the model’s coordinate system were noted. 
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Figure 6. Datum axis positioned through hinge (fins removed) 

 
 
Once the datum axis was established, the moving part was rotated around the axis within the 
CAD editing software to verify that the part was moving in the correct plane and the axis was 
positioned correctly. A datum plane was created that was perpendicular to the datum axis. The 
datum plane was used to position the moving part at various angles for testing purposes. 
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Figure 7. Datum plane with fin opened 45 degrees 

 
 
Because IDAPS uses the Open Inventor format for rendering its CAD models, the models had to 
be exported to VRML format from the Unigraphics editor. The models were then converted to 
Open Inventor format with a standalone open-source application called ivfix. A model was 
exported with all the moving parts stowed so the operator could use it to match the item at 
carriage (until the parts begin to deploy). A model was also exported with all the moving parts 
removed so the operator could use it to read the item after the parts started deploying (i.e., the 
operator would read the body position and ignore the moving parts). And finally, the moving 
parts were exported separately in order to be animated by the display software. 
 
 

ANIMATION USING OPEN INVENTOR 
 
The IDAPS graphics 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. OpenInventor uses a tree-based scene graph concept with nodes for 
views, drawing-objects, cameras, lights, and transformations. 
 
A 3-D scene drawn by Open Inventor is rendered from a scene database. The scene database is 
composed of one or more objects represented by a scene graph. The scene graph is composed of 
nodes that characterize a geometry, property, or grouping. The scene graph is traversed starting 
from the root node and then from left to right and top to bottom. Nodes inherit properties from 
nodes to the left and above. 
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Figure 8. Open Inventor scene graph 
 
 
A simplified version of the scene graph developed for the IDAPS display is depicted in Figure 8. 
The Main Group node represents the entire weapon, including the body and the moving part. The 
Axle Group node represents the axis that the moving part will be rotated. The Moving-Part 
Group represents the fin or wing component. Based on the rules of how a scene graph is 
traversed when rendering an object, this tree allows the rotation of the Moving Part to be isolated 
from the rest of the model. It also allows the rotations and translations of the Main Group to be 
applied to the Moving-Part. 
 
 

PROTOTYPE USE WITH IDAPS 
 
The IDAPS software consists of three main components: an X-Windows GUI, a C/Fortran 
functional background processor, and an Open Inventor display engine. The GUI processes user 
interactions, the background processor performs the coordinate system calculations, and the 
display engine renders the model.  
 
For this prototype effort, the display engine was replaced with a case-specific display engine. 
The location of the axis for rotating the moving part was hard-coded, as was the location of the 
moving part with respect to the body of the model. These had to be modified for each store that 
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was tested. The IDAPS GUI was not updated for the prototype. Rotations of the moving parts 
were controlled by keyboard function-keys tied directly to the prototype display. The prototype 
display omitted the silhouette capability of the standard display engine in an effort to minimize 
test-code and keep things simple. 
 
To read the position of a fin or wing, the operator followed a two step process. First, the operator 
read the trajectory of the body of the store using the standard IDAPS display engine with the 
silhouette capability. To minimize the confusion of the moving parts, the operator used the CAD 
model with the moving parts omitted.  
 
 

 
Figure 9. Matching store using silhouette CAD model with fins removed 

 
 
Second, the operator re-read the store, but this time using the prototype display with a CAD 
model of the moving part. The part was rendered in the location based on the readings of the 
body of the store from the first step. The operator manipulated the angle of the moving part to 
match the image underlay. For each frame, the operator noted the angle of the part and frame 
time. This process was repeated for each moving part. In the case of stores with rotational 
symmetry such as the item depicted in Figure 10 below, the model was simply rotated 90 degrees 
to position the model on the next fin. 
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Figure 10. Reading top fin angle with prototype method 

 
 

 
CONCLUSION 

 
The prototype method for reading the angles of deploying fins and wings has been used with 
success for several missions and has even been used to validate CFD modeling for store 
separation prediction. Because of the experimental nature of this development, the process is 
currently somewhat cumbersome to the user. Further enhancements could include the ability to 
read the store’s trajectory and fin/wing positions in a single pass. It is the hope of the 96th 
Communications Group, Test and Analysis Division, to include this capability as part of the 
production IDAPS software in the near future, giving the United States Air Force a unique 
capability in the field of store separation analysis. 
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