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ABSTRACT
External stores separation campaign is very risky therefore its preparation presents a big technical
challenge for the instrumentation group. Determination of store trajectory requires the integration of
two hi-speed hi-resolution video cameras into FTI. Link bandwidth precludes the development of a
real-time application to be used at the Ground Telemetry System (GTS) for separation validation. To
improve efficiency IPEV, with FINEP funding, is developing a system where the separation
trajectory is computed on-board and in real-time. Computed parameters are merged into FTI to be
processed into GTS and compared to the estimated trajectory. The proposed architecture is presented
and discussed.
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INTRODUCTION
Flight test is a section of the aeronautical engineering and its main purpose is the determination of
the actual characteristics of an aircraft and/or a system (e.g. Flight Control System - FCS) to be used
for product development, certification or qualification.
Flight test and safety are closely coupled. At one side the primary concern is the test flight safety (i.e.
to bring back the test bed) during the Flight Tests Campaign (FTC). At the other side there is the
aircraft operational safety that relies into the accuracy of gathered information (Figure 01).
In the early days of flight tests the data gathering relied mostly on qualitative data where the overall
accuracy was not so good. Nowadays, with the improvement of the digital electronic devices, FTC
data acquisition relies mostly on quantitative data.

1

Figure 01 - Flight Test Safety Links
For a given FTC the data acquisition and analysis process takes place into two segments (Figure 02).
• During the flight, at the airborne Flight Test Instrumentation System (FTI), it is performed
data acquisition, sampling, quantization, formatting and storage; and
• In real time and/or after the flight, at the Ground Telemetry System (GTS), stored and/or live
data is retrieved, decomutated, processed and sliced to enable the execution of the data
reduction analysis and the elaboration of the test report for the customer.

Figure 02 – The Data Acquisition Process
In addition to match the specific need of some flight test campaigns the FTI sensor set could require
the inclusion of external sensors such as:
• Differential Global Navigation Satellite System (GNSS) receiver, for performance FTC;
• Ground weather reference system for Air Data Computer (ADC) calibration FTC; and
• Airborne hi-speed hi-resolution video cameras for external store separation FTC.
In particular the external store separation FTC scenario is highly risky because the non-linear and
unpredicted aerodynamics couplings between the released store and the aircraft structure (e.g. Wings
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and stabilizers) could lead to a catastrophic collision condition (Figure 03). Therefore the 6 Degree
of Freedom (6DoF) store trajectory determination [1] is mandatory for such FTC.

Figure 03 – Test sequence of a catastrophic external stores release.

Unfortunately the FTI and the Real-Time Telemetry Link (RTL) limited bandwidth imposes several
restrictions for the development and implementation of a real-time application to be used at the GTS
for the verification of the separation safety.
To overcame such limitation IPEV is developing a novel system where the store separation trajectory
will be computed on-board into the camera pod and in real-time or near real-time. In this case the
computed trajectory can be easily merged into the FTI without bandwidth overloading. Then such
data should be processed at the GTS to be compared with the estimated trajectory.
STORES SEPARATION FTC
As inherent hazardous FTC the execution of this campaign [2] should be carefully planned and
executed by the test staff, therefore its associated test program should preview the execution of
several test points to provide a smooth transition from the separation central envelope condition (i.e.
Less risky) up to the most critical one. In addition before the execution of any flight the test
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engineers should execute a risk assessment process that employs wind tunnel test runs; numerical
simulation tools using Computational Fluid Dynamic techniques [3] and pit drops tests to predict if
the required release condition could be safe or not.
In summary the required information from this campaign is the initial store trajectory and dynamics
(i.e. separation Time Speed Positioning Information - TSPI) with 6DoF, such information will be
used to:
1.
2.

Verify the degree of conformance between the real and the estimated trajectory to certify if
the release condition is safe or not and to clear the execution of the next test point; and
To provide the real store separation parameters to be used for the refinement of the aircraft
Operational Flight Program (OFP).

For store TSPI data acquisition, the FTI setup for this FTC usually includes a photogrammetric pod
with two or more synchronized airborne hi-speed (e.g. Up to 400 frames/s) hi-resolution (e.g. Up to
720p) video cameras (Figure 04).

Figure 04 - Photogrammetric pod used for external stores release FTC.

After the mission the acquired video frames images are downloaded from the test bed for TSPI data
extraction. The post mission analysis requires the usage of dedicated software tools (e.g. TrackEye http://www.imagesystems.se/image-systems-motion-analysis/products/track-eye.aspx) that compute
the store release 6DoF trajectory. Typically at this phase it is executed the following tasks:
1.
2.
3.
4.
5.
6.

Image coordinates localization and tracking of reference points (Figure 05) previously
defined on the test bed and store surfaces;
Compensation for lens distortion errors of the tracked reference points coordinates;
Data correlation of coordinates acquired from two or more fixed cameras;
Reference points 3-D position computation using triangulation method;
6DoF store trajectory determination;
Results displaying and storage.
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Figure 05 - Test Bed and Store Reference Points.

In real-time the test crew has a limited ability to determine the degree of conformance between the
real and the predicted release trajectory in order to clear the execution of the next test point. The
available real-time information for this application is limited to the chaser perception or to the usage
of low rate video images embedded into the FTI stream (i.e. 30 fps @ 720i).
The implementation of a RF Link for transmission of Hi-speed (i.e. 400 fps), Hi-Resolution (i.e.
above 720i) video images requires a very high bandwidth. As example a single a 1,280 x 720 pixel
image sampled at 400 fps and compressed to 0.8 bit/pixel rate with a JPEG 2000 algorithm requires a
296 Mbps bandwidth which is not yet feasible [4]. It should be noticed that down sampling and
compression jeopardizes trajectory accuracy.
As consequence:
1. Data processing should be executed as post-mission operation, requiring a long time to
produce the desirable results; and
2. The stores separation FTC efficiency becomes very low (i.e. It requires several flights).
The combination of the results that arises from previous software development for the determination
of the aircraft altitude for Air Data System (ADS) calibration FTC [5, 6] IPEV’s Research and
Development Division (EPD) with funds provided by Financiadora de Estudos e Projetos (FINEP)
proposes a new architecture for real-time on-board determination of the stores separation 6DoF
trajectory.
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This novel system should allow the safe execution of more than one store separation test point in a
single test flight. As consequence the efficiency of such FTC will raise without jeopardizing the
flight safety.
SYSTEM ARCHITECTURE
The system architecture (Figure 06) is composed by:
1.
2.

3.
4.
5.

Two hi speed hi resolution video cameras with real time output;
Two onboard computers to:
a. Auto track the aircraft and store reference points;
b. Compensate the tracked point’s coordinates for lens distortion errors; and
c. Compute the store 6DoF trajectory.
A GPS/IRIG-B time reference for FTI data correlation;
A Giga bit local network for data distribution; and
Interface to export real time data to FTI system.

Figure 06 - Proposed Architecture.

The core of this system is the Ultra-Fast Video Tracker Algorithm that computes the target TSPI
parameters. Such algorithm is the key element that assures a satisfactory real time performance of the
system.
But it should be noticed that the bottleneck of this architecture is the transfer process of data between
the cameras and processors. Even considering the usage of a Gigabit network, the required overhead
time to pack and unpack the video stream is still an issue that could jeopardize the real-time
performance of the system.
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But there is a blinking light the latest optical tracking software developments executed at IPEV EPD
[7] proved that the tracking algorithm performance could be drastically improved if the camera and
processor are integrated into a single unit. As example IPEV along with ITA University designed an
optical tracking software application fully integrated into an iPhone 4S. Such mobile device
integrates into a single unit the camera and processor. Test results with such architecture presented
satisfactory performance for a real-time application (i.e. ADS Calibration FTC).
Now the problem is to find and/or convince a supplier to provide an airborne hi-speed hi-resolution
camera fully integrated with a generic processor where the user could develop and integrate its own
video processing software. The lack of this option could result into quasi real-time performance that
still produces satisfactory results.
For this application it should be noticed that the real-time accuracy requirement could be relaxed as
compared to the post mission data analysis. As result the real-time solution could use image frames
with lesser resolution (i.e. 720i or less) to minimize data transfer bandwidth and to provide better
real-time performance. Such analysis should be executed before the FTC by specific tool that takes
into account the previewed trajectory path for the store and the Dilution of Precision (DOP)
parameter that reflects the geometry between the cameras and the target.
CONCLUSIONS
The proposed architecture for a new Fast On-Board Tracking System to be used for External Stores
Separation FTC is presented. The key element of this system is an Ultra-Fast Video Tracker
Algorithm that computes the target TSPI parameters in real-time.
The main goal of this system is to provide the capability for the execution of more than one
separation in a single flight, without jeopardizing the test safety. In addition the real-time
parameterization of the stores trajectory into the test bed allows:
• The reconstruction of Hi Speed and Hi Resolution separation images at the GTS without
overloading the telemetry link;
• The determination of the correlation factor between the actual trajectory and the simulated
one, for flight safety assessment; and
• An efficiency increase for the store separation FTC, reducing its costs and time.
Next steps for this development include:
• The execution of pit drops for algorithm tuning;
• The integration of the prototype into a test bed; and
• The execution of a dedicated FTC.
Preliminary tests show that system performance could be improved if we could use/find an airborne
Hi-Speed Hi Resolution camera device that is directly coupled to the processor where the application
runs. In this case the overload time required to transmit images frames from the camera to the
processor will no longer slow down the real time performance of the system.
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