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ABSTRACT 
 

Flight tests and flight safety are tightly coupled. For a given experimental test flight, the main 
objective to be achieved is related to the test bed and crew integrity (i.e. Bring back the test bed in 
one piece). Furthermore, the aircraft operational safety (i.e. continued airworthiness) relies into the 
accuracy of gathered information, provided by the airborne Flight Test Instrumentation (FTI) 
system. Typically, the FTI system includes: a data acquisition system; a transmission system; a 
data recorder; multiple sensors and auxiliary equipment such as Global Navigation Satellite System 
(GNSS) Receiver.  
 
In a specific Flight Test Campaign (FTC), such as external stores separation FTC, the associated 
risk is high because the non-linear and unpredicted aerodynamics couplings between the released 
store and the aircraft structure (e.g. wings) could lead to a catastrophic collision condition. 
Typically, the setup for such FTC is a big technical challenge for the instrumentation group because 
the determination of six degrees of freedom (6Dof) trajectory of the release store becomes 
mandatory. Such information could be by the means of an optical tracking system that requires the 
integration of two or more hi-speed hi-resolution video cameras into FTI. 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 Ground Telemetry 
System (GTS) for the verification of the separation safety and the validation of the test point. 
 
This paper, presents the implementation of computer vision techniques and Camshift algorithm as 
an approach to tracking individual track targets on the store surface which can be perform onboard 
and in real time or near real time. The development of the algorithm is presented as well several 
experimental test results that use videos frames gathered from previous FTC executed by Instituto 
de Pesquisas e Ensaios em Voo (Flight Test and Research Institute - IPEV). Preliminary results 
present satisfactory performance. 
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INTRODUCTION 
 

In Flight Test Campaign (FTC) where the test bed is a large aircraft, the data acquisition, reception 
and analysis equipment can be conditioned within the aircraft. The test flight engineers and the 
team of the campaign can also remain inside the aircraft and verify the parameters behavior, 
viewing the data directly from the source. In fighter aircrafts, there are no area to accommodate 
this structure. The data acquisition, as far as possible, must be transmitted to the ground station, 
then the engineers can perform the data analysis and depending on the case, releasing a new test 
point.  
 
The data analysis process in store separation tests is usually perform post flight. The store 
separation test is recorded on video, by the cameras installed below the aircraft, and only after the 
landing of the aircraft, the video is analyzed using a commercial off-the-shelf (COTS) software 
and if the test was controlled, a new flight can be released for the verification of a new test point. 
The analysis is performed post flight because the Real-Time Telemetry Link (RTL) limited 
bandwidth. If it were possible to transmit high-resolution (e.g. 1024i format) real-time video stream 
acquired during the test, in some cases, the aircraft could leave for an upcoming test point without 
land, improving the efficiency of available resources uses. In fact, the video stream to the ground 
station is possible, but at a resolution below the ideal, not being possible to perform a more accurate 
analysis 
 
Nowadays with the electronics equipment advance, a single video camera can produce hi-
resolution (e.g. 1024i format) and hi-speed (e.g. up to 400 frames per second) images with a very 
good sensitivity. Is possible to use these cameras on the aircraft during flight tests and the images 
frames acquired could be used as an alternative information source for the FTC. 
 

 
 
 
 
 
 
 
 
 
 

Figure 1 - Photogrammetric pod used for external stores release FTC[1] 
 

Video frames acquired by the cameras in the photogrammetric pod (Figure 1) can be used to 
accomplish Time-Space Position Information (TSPI) analysis for the determination if the store 
trajectory is safe or not. Photogrammetry is the TSPI data extraction process and can be performed 
by computational resources that analyze captured videos frames. Therefore, the only important and 
necessary data will be provided by the RTL for the analysis of ground crew. 
 
Currently, the IPEV uses a dedicated off-line video processing application (i.e. TrackEye) that 
computes the store release 6DoF trajectory in a post mission operation. The usage of this system 
limits the FTC efficiency. To overcame such limitations, the IPEV and Instituto Tecnológico de 
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Aeronáutica (Aeronautical Technology Institute - ITA), with Financiadora de Estudos e Projetos 
(Project and Studies Funding agency – FINEP) funding are 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. This system will allow embedding the released store trajectory into the FTI stream 
without bandwidth overloading. Then such data could be processed into GTS to be compared with 
the estimated trajectory. 
 

 
COMPUTER VISION TECHNIQUES 

 
To perform the tracking track targets during a store separation test is necessary to analyze the 
frames acquired by cameras installed in the aircraft. A video sequence is a frameset and at first, it 
is necessary to identify the track targets on the store surface and thereafter tracking them during 
the store release. The Computer Vision, which can be considered a field area of image processing, 
although this classification is not unanimity among authors, can contribute to do this. Computer 
vision tries to behave as human vision, taking as input the images, learning to process them and 
making inferences to act as the visual data available [2]. Both in the objects identification, or pattern 
recognition, as for object tracking, computer vision provides several algorithms and techniques as: 
SIFT[3], Haar-like[4] and Local Binary Patterns (LBP) [5] – identification – and Kalman Filter [6] 
and Camshift [7] – tracking. LBP were used in this work for the feature extraction and classifier 
training in the identification of targets and CamShift for tracking. 
 
The use of LBP descriptors were chosen because they present satisfactory results and the training 
time length is very shorter compared to other classifiers (e.g. Haar-like) [8]. Shorter time length of 
training process is not a mandatory requirement, because this phase is performed in the pre-flight, 
however can be considered an indirect advantage. The LPB attributes are extracted from the 
division of the source image in sub windows, typically 3x3 pixels, which are calculated the 
differences in threshold values of each extremities pixel to the central pixel. The results are 
converted into binary values and then a final value for the sub window is assigned. 
 

 
Figure 2 – LBP attribute extraction 

 
The Continuously Adaptive Mean Shift (Camshift) is Mean Shift modified algorithm and was 
presented by Bradski [7] in 1998, for object tracking in real-time. Originally, the algorithm is 
proposed for faces tracking color-based. However, it has the ability to fast and efficient tracking, 
with low computational consumption, even in the presence of noise [7], this makes it more suitable 
to the proposal of this work. The Mean Shift algorithm works with the color probability distribution 
in the image. From a fixed window size and according to the color distribution will be changing, 
the Mean Shift adapts. CamShift uses the Mean Shift resulting window, resize the window size and 
calculates the area for the next image. The following steps are performed in CamShift [7]: 
 

1. The calculation region of the probability distribution to the entire image is set. 
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2. Select the target location of mean shift search window. 
3. The color probability distribution in the search window location is calculated in an 

area larger than the initial window size. 
4. Convergence of Mean Shift. The zeroth moment (area) and the location are stored. 
5. The search window at the location found in step 4 is centered and the window size to a 

function of the zeroth moment is set. Go to Step 3. 
 
The main advantage of CamShift is the ability to change the window size, this fact allows to 
perform the tracking of objects in video sequences. Because of perspective image, the objects in a 
video change size depending on the distance and speed movement. 

 
 

IDENTIFICATION AND TRACKING PROCESS 
 
To perform the identification and tracking targets on the store surface is necessary to carry out a 
preparation which is the classifier training that will be used during the image analysis for the targets 
identification. In the preparation phase, a set of positive samples (i.e. images containing the target 
object) and a set of negative samples (i.e. images that do not contain the object) are produced. 
These sets of images will be the input data and during the training process, the target object 
descriptors are extracted. The descriptors are target characteristics or a region of interest used as 
pattern recognition, each pattern recognition technique works with different descriptors. The 
training process is executed and the result of this step is a file containing the attributes,  typically 
an eXtensible Markup Language (XML) file. This file is used by the application to identify the 
targets. The process of training and identifying was based on work by Kusumoto [8]. 
 
 
 
 

 
 
 

Figure 3 – Training Process 
 
After that, the application has the necessary requirements to make the targets tracking. The first 
step is to identify all targets on the store surface. The identification process must be performed in 
the first frame. Using the generated file in training process, the position of all targets identified by 
the identification process is passed as an input parameter to the tracking algorithm. 
 

 
DEVELOPMENT TOOL 

 
The authors defined as a basic requirement in assembling the development environment tool for 
tracking targets using framworks that could be embedded easily. For that was defined by using the 
Open Source Computer Vision (OpenCV), which is an open source library [9] that provides a 
powerful platform for developing applications in the computer vision area with hundreds of 
implemented algorithms. It was used the OpenCV version 2.4.8.0 with the C + + language interface 
and operating system Linux Ubuntu 13.10. 
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The first step of the application is to read the XML file descriptors of the target generated by the 
training process. Then, the first frame must be read and sent as an input parameter to the targets 
identification method. It is not necessary to use the complete original image to perform the 
identification process. Such as the initial position of the load is known, it is possible to use only a 
region of interest (ROI), that is, only part of the image containing the store. The identification 
process performs some transformations on the image, such as histogram equalization to improve 
its contrast, uses file descriptors as input to the detectMultiScale method available in OpenCV 
CascadeClassifier class and returns the identified targets. Thus, it only remains to make the 
transposition to the position identified by the method to the original image. The output parameter 
of this is a vector of rectangles where each rectangle contains the location of an identified target. 
 
Each item of the vector (i.e. each identified target) is defined as a starting point for tracking 
algorithm CamShift. A color histogram model is generated for each target. For this, Hue Saturation 
Value (HSV) system color is used. A mask is also defined for calculating the histogram. The image 
of each target is then normalized. The calculation of the backprojection is performed using the 
histogram of each target to find the areas of the same color model in the image. Finally, OpenCV 
provides CamShift method that returns a data structure of rotated  rectangles with the position, size 
and orientation of the object. 

 
 

EXPERIMENTS RESULTS 
 

To evaluate the software, videos of store separation tests conducted by EFEV (i.e. Brazilian Flight 
Test School) were used. The training phase was performed in a notebook Dell Inspiron 14z, Intel® 
Core™ i7-3537U CPU @ 2.00GHz × 4, 8GB DDR3, 500GB 5400 RPM SATA  HDD  and  32GB  
mSATA SSD. The set of positive samples was composed by 240 images with 20x20 pixel size. 
The set of negative samples was composed by 500 negative images of different dimensions. In this 
case, it is not necessary the images have the same dimension. The only requirement is that the 
negative images may not contain the object to be identified. Figure 4 shows examples of positive 
and negative samples used in the training process. 
 
 
 
 
 
 
        (a) 
         (b) 

Figure 4 – Positive samples (a) and negative samples (b) 
 
The software loaded the file generated by the training process and then made the capture of the 
first video frame. Only the region of interest has been processed by the targets identification 
method. Figure 5 shows the results. It is possible to verify that all targets have been identified. No 
false-positive or false-negative results was verified. After identification, each identified target 
position is transposed to the actual location in the original image. 
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Figure 5 – Results of track targets identification method  
 
The six targets identified locations are stored in a vector structure. This vector is used as input to 
the tracking process. Thus, the algorithm performs CamShift independent tracking of each 
identified target. The software stores all positions identified for each target in the previous frames. 
Every frame read, plots all previous positions of each target and its current position. 
 
The results are shown in Figure 6, where the six targets are being tracked. Only at one target is 
possible to check the tracking error. The algorithm loses the tracking of the target in the frame 38 
and is set to 674,222 position and after change to the target that is positioned immediately above. 
Another important point is also that the CamShift has rotated rectangles as output and its 
representation can be done by ellipses. In this case, the center of the ellipse, is not always the exact 
center of the target identified. 
 

 
Figure 6 – Results of six track targets tracking method – frame 38 (a) e frame 70 (b) 

 
CONCLUSION 

 
The use of the CamShift tracking algorithm, despite being initially proposed for face tracking, can 
be used for tracking track targets in store separation tests, as demonstrated in the results presented. 
As the CamShift is based on the image colors distribution, it is important that the target has different 
colors of the colors of the aircraft, store and background (e.g. blue color of the sky or gray color of 
the aircraft wing fuselage). 

(a) 

(b) 
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With some refinements such as checking every n number of frames of the appearance of new targets 
beyond those identified at the beginning or the correctness of the actual position of the center of 
each target every frame read, the results can be even better. 
 
New experiments should be conducted in other flight test campaigns with different stores In this 
case, it is important to have control over where the targets should be placed on the surface of the 
store, so the error occurred in the experiment presented here can be disposed. 
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