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ABSTRACT 

 

Nowadays, with the development of the electronics, a video camera can produce hi-resolution 

and hi-speed images with a very good sensitivity. A typical application is the execution of the Air 

Data System (ADS) Calibration Flight Test Campaign (FTC) using the Tower-Fly-By method, 

where the aircraft reference altitude is computed from video frames. To improve efficiency, 

safety and effectiveness for this FTC, the Flight Test Research Institute (IPEV) developed a near 

real-time video processing application to compute the aircraft altitude from 720i video frames at 

up to 400 fps. This development was executed as Master Science dissertation along with Itajubá 

State University (UNIFEI). Tests results demonstrated satisfactory performance for this tool 

compared to Ground Telemetry System (GTS) and Global Positioning System (GPS). 
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1. INTRODUCTION 
 

 Images frames have been used as primary information source for the Flight Test 

Campaigns (FTC). The gathered data provide both quantitative and qualitative information about 

the test bed real characteristics, including Time, Speed and Positioning Information (TSPI). 

 Nowadays, with the development of the electronics, a video digital camera can produce 

hi-resolution (e.g. 1024i or 720i Format), hi-speed (e.g. up to 1,000 fps) images with a very good 

sensitivity. With the use of digital video, the techniques of image processing become important 

resources that can be used in different areas and applications, being a big area of research. The 

optical tracking systems and the hi-speed camera can be used to develop, certify and integrate 

weapon systems. In addition, applications such as face recognition, detection of obstacles in the 

path of aircraft, Unmanned Aircraft Vehicles (UAV), Geographic Information System (GIS), 
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information security, analysis of road traffic and biomedical applications are benefited by the 

techniques of image processing.  

 Today the capability to perform fast data acquisition, processing and transmitting, it 

becomes an essential tool for quick and accurate decision assessment for critical systems. [1]. 

In Flight Test applications the requirement for Real-Time data acquisition and processing 

lead-us to the development of dedicated airborne Pulse Code Modulation (PCM) Data 

Acquisition Systems (DAS) that outputs massive serial data formats. Merging hi-resolution, hi-

speed video frames into these PCM streams results in higher data rates that are more affected by 

transmission noise. By other hand, real-time video frames produce qualitative information. 

Therefore to extract the required quantitative information (i.e. Measurements) from video frames 

it is required to execute massive data processing applications (e.g. Video tracking). So the 

challenge is the following: To acquire and to extract qualitative information from hi-resolution, 

hi-speed video frames and to merge the resulting information into the PCM stream using the 

lowest possible bit rate. This requirement lead-us to the execution of video processing at the 

airborne segment, then extracted data should be embedded into the Flight Test Instrumentation 

(FTI) dataset. To accomplish that the video processing algorithm should emphasize efficiency to 

match the real-time performance requirements. As case study, for the development of the basic 

tools for this application, it was proposed the development of a hi-speed near real-time 720i 

image processing application, to be used at Air Data System (ADS) Calibration Flight Test 

Campaign (FTC). 

This application was evaluated with flights carried out by 2010 and 2011 Brazilian Flight 

Test Course (CEV) Class Students using either a fully instrumented HELIBRAS H-55 Esquilo 

Helicopter or EMBRAER Xavante XAT-26 Jet Trainer Aircraft. The tests results were 

considered satisfactory as compared with Ground Telemetry System (GTS) and Global 

Positioning System (GPS) data. 

The remainder of the paper is organized as follows. In section 2, the concepts and the 

scenario of the FTC are presented. In section 3, the application developed is presented. Results 

are given in section 4. Finally, this paper is concluded.  

 

2. AIR DATA SYSTEM CALIBRATION OVERVIEW 

 

For an aircraft, the critical and essentials information to ensure the flight safety are 

airspeed and altitude. These measures are derived from the dynamic and static pressures provided 

by the anemometric pitot-static pickups. In ideal conditions, the True Airspeed (Vt) and Altitude 

(Zp) [2] are computed with the Pitot Pressure (pp); The basic static pressure (pb); the impact 

temperature (Ti), the associated positioning errors of the static (∆∆∆∆pb) and pitot (∆∆∆∆pp) pressures 

and the temperature probe recovery factor (K). It should be noted that the determination of 

density ratio (σσσσ))))    requires the knowledge of the static pressure (pa), Ti  and K.  
The determination of ∆∆∆∆pb, ∆∆∆∆pp and K requires the execution of ADS FTC that uses the 

tower-fly-by method [4, 5]. This method (Figure 01) requires the knowledge of the exact aircraft 

reference altitude. 

During the test flights, real-time FTI data are received and processed at the GTS. 

Typically, the GTS is a monitoring station used to improve flight safety issues. But signal noise 

and dropouts, which are inherent characteristics of the Telemetry link, limit its reliability, which 

represents a major technical problem faced by most test ranges. Moreover, post mission data 

reduction analysis requires extra processing time. Consequently, the efficiency of the FTC is not 
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optimum in most cases. Besides, the determination the pressure error model (generally known as 

static-system position error) over the entire flight envelope is complex, time consuming, and 

expensive.  

The exact aircraft reference altitude can be also determined from digital images. So, as 

case study, the Flight Test Research Institute (IPEV) along with the Itajubá State University 

(UNIFEI) developed a pilot application to process 720i video frames at up to 400 fps. This 

system was used for ADS calibration FTC. In addition the usage of hi-resolution, hi-speed 

images frames improves ADS error model accuracy that supports the operational safety for the 

certified aircraft and the capability to operate in near real-time improves the flight safety level for 

FTC. It should be noticed that some tests points (TP) are executed with the aircraft flying at high 

speed and extremely low altitudes. As example it is presented a 470 kts and 27 ft TP executed 

during the CEV 2010 Class (Figure 02). 

 

3. AIR DATA SYSTEM CALIBRATION FLIGHT TEST CAMPAIGN 

 

 The ADS calibration FTC consists of several test points ranging from 1.2 times the 

aircraft stall speed (i.e. Vs) up to its maximum horizontal speed (i.e. Vh). Each test point should 

be executed with stabilized altitude (Zpb) and speed (Vb) as follows [7]: 

ktsVtbV ii 5±≤  eq. 1 

ftZpbi 20±≤∆  eq. 2 

ktsVbi 2±≤∆  eq. 3 

Where: 

• iVb  is the mean basic speed at the i
th

 test point (kts); 

• iVt  is the scheduled basic speed for the i
th

 test point (kts); 

• iZpb∆  is the maximum deviation of the aircraft altitude at the i
th

 test point (ft); 

• iVb∆  is the maximum deviation of the aircraft basic speed at the i
th

 test point (kts); 

 

3.1. SCENARIO OF THE ADS CALIBRATION 

 

This FTC is executed in a restricted area of the Test Site (Figure 3). The site setup 

includes two Reference Points (PR) positioned in known coordinates and horizontally aligned 

with the tarmac centerline. Therefore it is possible to define the TP valid area (ARV). The site 

also has a digital fixed camera that is positioned in known position. 

  
Figure 1. Tower-fly-by method [6]. Figure 2. Example of TP with low altitude. 
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The PRs are static metallic plates of 1.0m
2
 ± 0.04m @ 1σ, located inside the camera field-

of-view. These PRs are used for the determination of the aircraft altitude. In this application, the 

real distance between the PRs is 112.6m ± 0.4m @ 1σ, from which all measurements are 

referenced. 

 The determination of the exact aircraft altitude from image frames requires a flight path 

aligned with the tarmac centerline, inside the camera field of view and inside ARV (Figure 04). 

All TP should be validated in conformance with the previously defined requirements. The 

occurrence of any invalid TP requires re-fly. Therefore, the use of real-time tools for this 

application allows data validation while the aircraft is still flying. This feature improves, flight 

safety and it increases the campaign efficiency avoiding flight repetition, which is expensive. 

 

4. APPLICATION ARCHITECTURE 

 

The development of this application uses a high-speed digital camera, positioned in fixed known 

location. To improve accuracy the lens distortion errors were previously modeled and minimized 

using Heikkilä techniques [8].  

At each TP all data are recorded into the camera's buffer. At the end of the TP recorded 

video is downloaded to the computer through its Universal Serial Bus (USB) interface. Then 

gathered information would be processed by the developed application. At the end of this 

process, the camera's buffer should be cleared for the next TP.  

Due to the site and the FTC particularities, during the flight it is not necessary to detect 

obstacles in the camera field-of-view or clouds that could interfere with the aircraft trajectory 

determination. In addition these test flights are not executed with rain. 

The development of this tool required customized solutions to overcome the following 

main challenges: 

• Light compensation due to fast meteorological conditions changes; 

• Real time image processing to generate the results; and 

• PR position determination that is affected by image resolution. 

A detailed description of used image and data processing algorithms used herein are 

presented in subsequent sections of this Chapter. 

 

4.1. REFERENCE POINT DETECTION 

 

In this application, the PR captured by the camera is just a 6x6 pixels square. For each TP, the 

first image is loaded in the application so the user may indicate the position of the PRs. To do 

this, it is used the following procedure: 

  
Figure 3. Site of the FTC Figure 4. Valid TP with H-55 
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1. An area in the image is selected by the user around the reference point (PR); 

2. The original image is cropped into the selected area; 

3. Around the selected image area is applied image sharpening, contrast adjustment, using 

linear mapping and binarization [9]; 

4. Then, the search for the central point location of the resulting image will be performed. 

The computed location will be used as primary reference point for data processing; and 

5. Once found, the central reference point will be highlighted in the original image; 

otherwise, a new area should be selected by the user (i.e. back to item 1).  

 

4.2. TARMAC CENTRELINE DETECTION 

 

For the tarmac centerline detection, the airport runway location should be detected, so as to 

provide the reference baseline to compute the aircraft altitude. For this particular application, this 

baseline is located 4 pixels below the baseline defined by the central points of the two reference 

points. The airport runway used to carry out this FTC has slight slope that was considered for 

calculating the TSPI (Time, Speed, and Positioning Information). 

 

4.3. AIRCRAFT DETECTION 

 

Considering that the camera is fixed, the background image remains is considered static during 

the entire test point, with minimal illumination changes. Thus, to improve processing speed, the 

first TP image frame is used as a reference Background Image (IB) for the entire TP. Subtracting 

the background image (IB) for each subsequent frame (It(t)) of current TP, the residual image 

(Irt), should probably, reveal the target (i.e. aircraft) and some noises. 

jijiji yxyxyx IBItIrt −=  eq. 4 

The next step is to detect the edges of the resulting frame that corresponds to regions 

where there is a change of intensity in certain spatial area and direction. For this, the method that 

performed best was the Sobel [10]. Figure 5 shows an Irt with its detected edges. 

After this, the pepper noises are removed from Irt by using morphological operators [11]. 

Then, the regions should be sorted in ascending size order. Normally, there will be only one 

region, where the Test Bed is probably located (Figure 6). However, other interfering objects can 

produce more than one region with similar size to the target (e.g. passing truck). In this case, the 

frame is discarded. 

Then, it is used only the perimeter pixels of aircraft inside the located region (Figure 7). 

  
Figure 5. Residue Image with Sobel Method: (a) XAT-26 aircraft; and (b) H-55 Helicopter 
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4.4. TSPI COMPUTING 

 

Now, the requirement is to find a fixed reference point on the aircraft for measuring 

altitude and airspeed. Centroid, Front, Rear and Bottom Edge detection techniques were 

evaluated to find this reference point on the aircraft. 

Then, once found the target reference point, its altitude related to the Tarmac Centerline 

should be computed using Euclidean spatial geometry. 

However, the True Airspeed (
t

V ) should be computed by: 

t

Sk
Vt

∆

∆
=  (m/s) eq. 6 

Where: 

• k  is the image calibration factor, which in this case is 2106.16 −−−−

x  (m/pixel); 

• is the pixel displacement between two consecutive frames (pixels); and 

• t∆  is the frame rate (frames/s). 

The image calibration factor is computed from the real distance between references points 

(i.e. 112.6m±0.4m@1σ) divided by the number of pixels between them.  

 

4.5. TEST POINT VALIDATION 

 

Target altitude and True airspeed are computed at every valid frame and stored. 

Therefore, at the end each TP, the application checks the conformance of these parameters with 

its associated requirements (see Section 3.1) for TP validation or rejection. 

Since the camera is in a fixed position, steps 4.1 and 4.2 are executed automatically on the 

first video frame for each TP. 

The remaining steps (i.e. 4.3 to 4.5) are executed for each sub sequential video frames of 

current TP.  

 

5. APPLICATION EVALUATION 

 

This application was evaluated with a fully instrumented Helibrás H-55 Esquilo 

Helicopter and EMBRAER Xavante XAT-26 Jet Aircraft, during the CEV ADS calibration FTC 

carried out by the 2010 and 2011 class students, respectively. In addition, the application was 

evaluated with several TP (i.e. more than 50) and more than 400.000 frames.  

The application runs at 52 fps ± 2 fps @1σ average. Therefore, the test results are 
produced in Near Real-Time.  

  
Figure 6.  Located region for the XAT-26 

aircraft in the processed image 

Figure 7. Perimeter pixels for the H-55 

helicopter in the processed image. 
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The algorithm for detection of aircraft (see Section 4.3.) mentioned that if there are two 

major regions in the frame, it is discarded. After testing, it was observed that the algorithm 

validated 99,4% of frames. Therefore the frames discard method does not jeopardize the final 

result. 

The algorithm for TSPI computing (see Section 4.4), presented the best results when it 

was used the: 

• Centroid algorithm to compute the helicopter altitude; 

• Rear edge detection mode to compute the helicopter airspeed; and 

• Rear or front edge detection mode to compute aircrafts altitude and airspeed. 

The area of the helicopter in images undergoes changes with the movement of the main 

rotor blades, invalidating the use of the centroid algorithm to compute the airspeed and the front 

edge detection for airspeed and position. The bottom edge detection was not satisfactory due to 

pepper noises close to this region.  

In fixed-wing, the landing gear is used only where the airspeed is close to stall. In this 

case, the bottom edge detection was disregarded. In addition, the centroid method has not 

produced good results.  

For fixed-wing aircraft with propellers on the front of the aircraft, the result should be 

similar to helicopters, in accordance with movements of the helices. Thus, only the rear edge 

detection should be considered for this application. 

In addition, this application considered that the aircraft trajectory is properly aligned with 

the tarmac central axis. With the analysis of DGPS data, it was observed that the pilot cannot 

maintain such alignment. Thus, position adjustments (i.e. depth of the aircraft in the frame) of the 

aircraft were deployed in the TSPI determination algorithm for computing the exact altitude and 

speed in real time. 

The main application was developed under MatLab® environment and tested with 

Intel®Pentium IV Core™ 2 Duo CPU T5800 2.00 GHz notebook, 4 Gb RAM and Microsoft 

Windows 7 Professional.  

The camera used in this evaluation is a high-speed MacroVis V1.7.35. Several tests were 

carried out with different camera configuration. As result it was noticed that higher resolution 

produces clearer aircraft silhouettes (i.e. better defined). In addition, a higher frame rate reduces 

motion blur effect that jeopardizes target detection and measurement accuracy. 

The best optimal configuration for this application was obtained when the camera was configured 

to generate images in grayscale at 400 fps and 720i resolution. 

For every TP frame, it is highlighted the following references (Figures 8 and 9):  

• The location of the aircraft centroid (blue cross); 

• The aircraft reference point location (red cross); 

• The minimal safety altitude (red line); 

• The aircraft computed true airspeed (V) and altitude (H); 

• The ground reference points (green cross); and 

• The tarmac centerline (white dotted line). 
For the TP evaluation, it is noteworthy that the acquired information by GTS, GPS and 

the developed application were properly correlated, since the acquisition rates are, respectively, 

32 fps, 10 fps and 400 fps and these systems are not time synchronized. The figures that have 

GPS information are adjusted taking into account the location of the GPS antenna phase-center 

and the fixed reference point on the aircraft.  
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The computed altitude was considered satisfactory for both H-55 helicopter and XAT-26 

aircraft (Respectively Figure 10 and 11) as compared with the associated true reference values 

which are provided by a Phase Differential GPS. 

Figure 12 shows the computed altitude by the application for the H-55 helicopter as 

compared with the FTI measurements gathered by GTS. Figure 13 compares the XAT-26 aircraft 

altitudes computed by the application; the FTI and by the Phase DGPS. The presented results are 

considered satisfactory. 

Figure 14 shows the associated uncertainty of the computed altitude for the H-55 

helicopter, which is ±0.1331m @1σ. Figure 15 shows the associated uncertainty of the computed 

altitude for the XAT-26 aircraft, which is ±0.090507m @1σ. It also, shows associated 

uncertainty for the GPS, which is ±0.31782m @1σ. It should be noticed that all measures 

computed by the application were inside the GPS uncertainty boundaries.  

  
Figure 8.  TP with H-55 Helicopter  Figure 9.  TP with XAT-26 Aircraft 

 
 

Figure 10. True Reference and Computed 

Altitude by the Application with H-55 

Figure 11. Computed Altitude by the 

Application and Measured Altitude by the GPS 

with XAT-26 

  
Figure 12. Computed Altitude and FTI Measured 

Altitude for H-55 

Figure 13.  Computed Altitude, FTI Measured 

Altitude and Phase DGPS Altitude for XAT-26 
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Due to the pixel resolution (i.e. 16x10-02m) and the camera frame rate (i.e. 400 fps) the 

displacement of a single pixel/frame is equivalent to 230.4 km/h step. Figures 16 and 17 

compares the computed airspeed and FTI speed gathered at GTS for respectively the H-55 

helicopter and XAT-26 aircraft. 

Figure 18 is an extraction of the Figure 17; it shows only speed measurements acquired at 

the FTI. It can be observed that the airspeed deviation is ± 4 km/h. According with the 

requirements of section 3.1, such deviation invalidates the current TP. At most of TPs this 

oscillating behavior was observed for the FTI airspeed (Figure 18) and altitude (Figure 19) 

measurements. 

 

6. CONCLUSIONS 

 

The Development Application for  Air Data System Calibration Flight Test Campaign 

using Image Processing Techniques and 720i videos, produces results in near real-time which can 

increase flight safety and efficiency of the Flight Tests. Considering the ADS application, this 

Figure 14.  Uncertainty Altitude for H-55 Figure 15.  Uncertainty Altitude for XAT-26 

  

Figure 16.  Computed Airspeed and FTI 

Measured Airspeed for the H-55 

Figure 17.   Computed Airspeed and  FTI 

Measured Airspeed for the XAT-26 

  
Figure 18.  Typical behavior of the FTI 

Airspeed 

Figure 19.   Typical behavior of the FTI 

Altitude 
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performance was considered satisfactory and all test points tested produced adequate results 

compared to the FTI and the GPS. 

Therefore this application could be integrated with the existing quasi-real time tools for 

ADS calibration to improve efficiency, safety and effectiveness for the FTC. As a result the 

system is very flexible and reliable and it can be used in wide range applications. 

The next steps are Evaluate the tool with other aircrafts; Improve system performance 

using Parallel processing techniques or Graphics Processor Unit (GPU) cards; Retrieve images 

directly from the buffer of high-speed camera; and develop a tool to integrate this application 

with GPS and FTI to increase the safety and accuracy of the flight tests. 
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