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ABSTRACT
In an experimental flight test campaign, the usage of a real time Ground Telemetry System (GTS)
provides mandatory support for three basic essential services: a) Safety storage of Flight Tests
Instrumentation (FTI) data, in the occurrence of a critical aircraft failure; b) Monitoring of critical
flight safety parameters to avoid the occurrence of accidents; and c) Monitoring of selected
parameters that validates all tests points. At the operational side the test ranges typically works in
two phases: a) In real time where the GTS crew performs test validation and test point selection
with Telemetry data; and b) In post mission where the engineering crew performs data analysis
and reduction with airborne recorded data. This process is time consuming because recorded data
has to be downloaded, converted to Engineering Units (EU), sliced, filtered and processed. The
main reason for the usage of this less efficient process relies in the fact that the real time
Telemetry data is less reliable as compared to recorded data (i.e. it contains more noise and some
dropouts). With the introduction of new technologies (i.e. i-NET) the telemetry link could be
very reliable, so the GTS could perform data reduction analysis immediately after the receipt of
all valid tests points, while the aircraft is still flying in a quasi-real time environment. To achieve
this goal the Brazilian Flight Test Group (GEEV) along with EMBRAER and with the support of
Financiadora de Estudos e Projetos (FINEP) started the development of a series of Decision Aid
Tools that performs data reduction analysis into the GTS in quasi-real time. This paper presents
the development and the evaluation of a tool used in Air Data System Calibration Flight Tests
Campaign. The application receives the Telemetry data over either a TCP/IP or a SCRAMnet
Network, performs data analysis and test point validation in real time and when all points are
gathered it performs the data reduction analysis and automatically creates HTML formatted tests
reports. The tool evaluation was carried out with the instruction flights for the 2009 Brazilian
Flight Test School (CEV). The results present a great efficiency gain for the overall Flight Test
Campaign.
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INTRODUCTION
The minimum applicable requirements for the execution of an experimental flight tests campaign,
includes a test aircraft equipped with a Flight Tests Instrumentation System (FTI) and for safety
purposes a Ground Telemetry System (GTS) that performs real time data acquisition and
processing. The services provided by the GTS include FTI Engineering Units (EU) data
monitoring and storage. To accomplish that the GTS has to receive, identify, select, convert,
distribute and store all income data in a real time environment that requires a dedicated processor.
Nowadays it is possible to use processors with a very high computing capability (e.g. quad core
processors), so the real time tasks could include test point validation. This feature avoids flight
repetition, which is very expensive and improves the overall flight test safety level mostly in the
hazardous flights test campaigns (e.g. Flutter).
Typically signal noise and dropouts, which are inherent characteristics of the GTS Air-to-Ground
radio link, limits the GTS real time reliability and this is a major technical issue faced at the test
ranges. Due to this, even today, the primary data source used at the engineering staff for data
reduction analysis is retrieved from the airborne recorder that composes the FTI. This process is
time consuming because it is necessary to download, convert and to select data slices before the
data reduction analysis. So in general the efficiency of the Flight Tests Campaign is not optimum.
But there is a light, the upcoming iNET technology [1] could provide a reliable Telemetry link so
the data reduction analysis could be performed immediately after the acquisition of the last valid
tests point, while the aircraft is flying in a quasi-real time environment. So the GTS capabilities
could include the post mission analysis that will increase the test range efficiency. To do this it
will be required the development of several processing tools.
GTS SYSTEM ARCHITECTURE
The current GEEV GTS (Figure 01) receives the FTI Pulse Coded Modulation (PCM) stream and
it performs real time data processing into several layers as follows:
1. Initially at the Telemetry Front End (TFE), the PCM data is filtered, synchronized,
decomutated, converted to Engineering Units (EU), distributed to a ring network (i.e.
SCRAMNet), and stored into a RAID disk;
2. Then SCRAMNet data is received at any LINUX telemetry workstations, which performs
TFE control, data processing and serves real time data. The received data will be locally
processed, displayed, stored and distributed over a TC-IP Local Area Network (LAN);
and
3. Finally, using the telemetry protocol, a Personal Computer (PC) which is connected to the
telemetry LAN establishes a sockets connection to gather real time data over either the
TCP-IP or the SCRAMNet networks. Income data will be locally processed, displayed
and stored.
It should be noticed that SCRANet network provides a better reliability and a lower delay
solution as compared with the TCP-IP, but it requires the use of specific hardware and the
development of customized software.
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Figure 01 – GTS Architecture

Many flight tests campaigns requires the merging capability of the FTI data along with data
acquired from other sensors (e.g. Global Navigation Satellite System - GNSS base receiver or a
Weather Reference System - WRS). To accomplish that the only additional need is the
development of a custom data server to transmit such dataset over the TCP-IP LAN. Based on the
specific data processing requirements, it should be noticed that data correlation/ synchronization
should be enforced. This need applies mostly for data acquired from multiple independent
sources.
TOOL DEVELOPMENT
The requirements for the development of a quasi-real time decision aid tool should include the
following capabilities:
1. Real time data acquisition;
2. Real time data validation;
3. Test point data extraction and storage;
4. Post-mission data analysis;
5. Report Generation; and
6. Data storage;
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To allow the execution of these tasks, it was developed two applications that woks together
(Figure 02):
1. A data gathering application; and
2. A customized data processing application.
The first application performs the following tasks:
1. It establishes a sockets connection with any GTS data servers (i.e. LINUX Workstation)
or any other data source (e.g. WRS data server);
2. It request the current available parameter list that are current being distributed from such
data server and presents for user selection;
3. It request the transmission of the chosen dataset over either the TCP-IP or the
SCRAMNet networks;
4. It gathers requested data and creates a circular time history buffer for temporary data
storage; and
5. When the buffer is filled (buffer size is user selectable) or if time out event occurs (time
out period is user selectable) the buffer is appended into a Matlab workspace for data
processing.

Figure 02 – Quasi-Real Time Tool Block Diagram

The second application is basically a data processing algorithm that will perform the data
analysis. The implementation of a quasi-real time data processing tool for the analysis of the
flight test parameters uses three operational modes as follows:
1. Continuous real-time mode, for the entire flight where it is performed:
a. Data appending into the Matlab workspace;
b. Measurement validity check based on user defined conditions; and
c. Results presentation into real time graphics.
2. Buffered mode, at each test point, which can be commanded locally by the user or
remotely from the Test Bed (e.g. using the FTI event marker), where it is performed:
a. Buffered data pre-processing, using a customized algorithm (i.e Matlab compiled
script) to validate the current test point and to compute the partial results;
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b. Data presentation into real time graphics; and
c. Preliminary data storage.
3. Post-mission mode, after the execution of the last valid test point, where it is performed:
a. The full data reduction analysis, using the previously stored pre-processed data that
contains all test points of a given mission;
b. Final test results presentation into graphical displays;
c. Final report generation, as a HTML file format for printing and/or storage; and
d. Resulting processed data storage.
Then as a prototype application, the Flight Test Group (GEEV) along with EMBRAER and
FINEP are developing three quasi-real time decision aid tools, to be used at the following flight
tests campaigns:
1. Air Data System (ADS) Calibration;
2. Flight Qualities; and
3. Performance.
As a case study, it will be presented the development and the evaluation of the first tool.
ADS CALIBRATION

A - Background
The aircraft altitude and speed are derived from the aircraft static and dynamic pressures
provided from the pitot-static anemometric system. In ideal conditions the True Airspeed (Vt) [2]
is computed as follows:
γ −1


γ
2γ pa  qc


Vt =
+ 1  − 1 (kt), for subsonic flights; or



(01a)
γ − 1 ρ a  pa



γ


2 γ −1


γ + 1  Vt 


  2  a  

 


qc = pa  
−
1
 (mb), for supersonic flights
1
2


 γ −1
2γ  Vt

 1 +
 2 − 1  

  γ + 1  a

With:

(01b)

a = 38.967 Ti (kt);

(02)

qc = pt − pa (mb); and

(03)

ρa =

pa
(mb.s2/ft2), being
RTic

(03)

γ −1 2

Tic = Ti  1 + K
M  (ºK)
2



(04)

5

Where:
o γ is equal to 1.4 (adm);
o pa is the static pressure (mb);
o pt is the free stream impact pressure (mb);
o a is the speed of sound (kt);
o R is the gas constant for the dry air, ( R = 3,089.67 ft2/ºK.s2);
o Tic is the corrected indicated temperature (ºK);
o ρ a is the air density (slugs/ft2)
o M is the Mach Number (adm);
o Ti .is the impact temperature (ºK); and
o K is the temperature probe recovery factor (adm).
But calibration, lag [3] and installation errors corrupts pt and pa so, the aircraft Air Data System
(ADS) receives at its inputs the corrupted pitot total (pp) and basic static (pb) pressures instead of
pt and pa and Ti instead of Tic.
Then the ADS algorithm (Figure 03) should perform the following data processing sequence:
1. Using the correction coefficients, which are computed at the Calibration Laboratory, the
instrument and lag errors are minimized to allow the determination of the Basic Airspeed
(Vb) and altitude (Zpb) values;
2. Taking into account the installation error model, (∆pb and ∆pp) which are experimentally
computed at the ADS Flight Test Campaign, these errors are minimized to allow the
determination of the Calibrated Airspeed (Vc), the altitude (Zp), M and the Pressure (pa)
measurements;
3. Now, using the ∆Vc value provided by the Standard Atmosphere [4], the equivalent sea
level airspeed (Ve) could be computed from Vc; and
4. Finally using the air density ratio (σ) and Tic, Vt could be computed from Ve. It should be
noticed that the determination of Tic requires the actual value of K factor which is also
experimentally computed at the ADS Flight Test Campaign.
In summary, the computation of Vt, Zp and M requires the execution of calibration laboratory
runs and a flight tests campaign.
B – ADS Calibration Method.
As presented, Vt, Zp and M are computed with measurements of pt, pa and Tic. Then, the
determination of the required parameters will require the execution of several procedures as
follows:
1. The anemometric system calibration; and
2. The free air temperature calibration.
For the first procedure it is considered that the total pressure pickup location is properly chosen.
In this case the resulting pressure field is almost isentropic and does not affect the impact
pressure then, the installation error at the impact pressure (∆pp) could be considered negligible.

6

As result, for most Flight Tests Campaigns, we could assume that all of the positioning errors
originate at the static pressure source and the static pressure error modeling could be determined
with experimental Flight Tests Data using the Tower Fly-By Method [5], where the aircraft pitotstatic pressure is compared to the reference static pressure.

Figure 03 – ADS Algorithm Block Diagram

For the second case the temperature recovery factor can be computed with the knowledge of the
free air temperature (Ta), the impact temperature (Ti) and the free stream Mach number (M). So,
the same could be used to compute K. In this case Ta will be determined from a Ground
Reference System.
C – ADS Calibration Flight Test Basic Requirements.
The Tower-Fly-By method used for ADS calibration flight consists of several test points (ranging
from the minimal up to the maximum allowable speed) with stabilized speed, altitude and
attitude. At each test point it should be registered the following parameters:
1. The values of pt, pb and Ti taken from the test bed through the FTI system;
2. The values of the ground static pressure (pag) and temperature (Tg) which are acquired at a
ground Weather Reference System (WRS); and
3. The aircraft relative altitude (Hi) to the WRS which is determined using photogrammetric
techniques from the images produced by a Hi-speed video camera.
At each test point the required parameter values should be in conformance with the test order
requirements (e.g. speed stabilization up to ± 5kt). Also the flight clearance requires low wind
condition (e.g. up to 5kt tail wind).
TOOL DEVELOPMENT
To allow the execution of this Campaign a novel quasi-real time tool was developed and
evaluated to work with GEEV’s GTS. The core of this tool merges real time data acquired from
the aircraft Flight Tests Instrumentation System (FTI) with data acquired from two other
auxiliary sensors:
1. A High-speed video camera system, which provides Hi; and
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2. The WRS, which provides pag and Tg and wind data (i.e. speed and direction) which is
used for flight clearance.
A – Video Data Acquisition / Processing
The hi-speed video processing will provide Hi. To do this the aircraft path is considered to be
aligned with the tarmac central axis and the camera lens distortion error has been previously
modelled and it will be properly minimized.
So, with the knowledge of the exact position of two fixed visual reference points it is possible to
compute the aircraft altitude at its any camera visible point (e.g. The FTI Air Data Boom installed
at the front of the Test Aircraft) using either a video tracking algorithm or, if a better resolution is
required, frame by frame manually controlled by the user. To execute such tasks the application
performs:
1. The video data acquisition;
2. The target coordinate extraction from each video frame;
3. Target coordinate correction to minimize the lens distortion;
4. The altitude computation; and
5. The results displaying, storage and distribution over the TCP-IP LAN.
The video processing application (Figure 04) presents:
1. In its main screen the video frame with its corresponding video tracking reference points;
2. At the bottom screen the resulting processed data; and
3. At its right side all setup data, the error estimation and all available controls.
B – Weather Data Acquisition / Processing
The weather pre-processing will provide the reference ground pressure, temperature and the wind
speed and direction. The wind parameters are used as a go no go condition for the flight. The
other measurements are used for the ADS calibration application.
The current used WRS is as stand alone equipment. This system gathers all required
measurements from a remote station and transmits it to a central control station that is hosted into
any GTS PC’s. The core of this system is a proprietary application that performs data acquisition
control, displaying and storage. To allow the distribution of real time weather data over the GTS
TCP-IP LAN, it was developed a custom specific data server application.
C – Main Data Acquisition / Processing
The main application merges FTI data acquired from GTS with Video and WRS processed data
to evaluate all ADS calibration parameters.
To allow the setup of the required stabilization condition customized for each planned test point a
graphical interface (Figure 05) was developed where the user can setup, present, save or retrieve
all required setup parameters.
Then, the application presents the main window (Figure 06) where the user can:
1. Select the current test point and/or manually readjust its associated setup parameters;
2. Visualize the FTI real time data along with its acceptance limits;
3. Visualize current WRS and Hi-speed camera parameters;
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4. Perform mission and data control and visualize current data acquisition status; and
5. Visualize the preliminary and final (upon the execution of the last test point) test results.

Figure 04 – Video Processing Screen

Figure 05 – Application Setup Screen

Once validated all data is stored into temporary files to allow the execution of the data reduction
analysis where it is performed:
1. The determination of the static pressure position error (∆pb); the position error pressure
coefficient (∆pb/qc) and the Mach (M) number corrected for instrument error;
2. The graphical displaying of the resulting parameters (∆pb/qc x M) and the associated
fitted curve with its coefficients;
3. The determination of Free Air Temperature (Ta) and the ratio between Ta and Ti;
4. The graphical displaying of the resulting parameters (Ti/Ta x M2) and the associated
fitted curve with its coefficients and K factor;
5. The ADS calibration flight tests final report generation into a HTML file, which includes
all processed data formatted into tables, all resulting graphics and related coefficients;
and
6. Controlled by the user, the storage of all results formatted as a Matlab® array data file
(.mat).
All application was developed into Matlab® environment and with Microsoft .net® development
tool.
TOOL EVALUATION
The tool evaluation was carried out along with the ADS calibration flight test campaign of the
2009 class of the Brazilian Flight Tests School (CEV). This campaign comprised several flights
with the Xavante Jet Trainner (XAT-26) manufactured by EMBRAER. The test bed was
provided with a complete FTI with two independent ADS sensors:
1. The first one tapped from the aircraft secondary static and impact pressures nozzles; and
2. The second, formed by a Flight Test Boom that was installed in the front of the aircraft
(Figure 07), which also includes the measurement of the impact temperature (ti), the
angles of attach (αG) and sideslip (βG).
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The FTI System was composed by an Airborne PCM data acquisition System, a PCM Tape
Recorder, a GPS/IRIG-B Time Base and a set of Transducers.
FTI measurement accuracy depends mostly on the calibration procedures. Then for all FTI
parameters it was carried out a static calibration at the Flight Tests Division Calibration
Laboratory fully compliant with EA-4/02 Standard [6].
To minimize most of the systematic errors, the calibration process is carried out using the
SALEV System [7] that takes into account complete measurement chain, including the sensor,
the signal conditioning amplifier and filters, the data acquisition system, and the RAW-to-EU
conversion coefficients which are loaded into GTS data base for EU data conversion.

Figure 06 – Application Main Screen

Figure 07 – FTI Boom Sensors

For evaluation purposes the computed altitude (Hi) parameter was compared against a post
mission differential phase GPS system and the results were considered satisfactory.
The tool evaluation during the CEV ADS flight tests campaign presented satisfactory results
(Figures 08 and 09) and it was successfully validated.

Figure 09 – Test Results (Ti/Ta x M2)

Figure 08 – Test Results (∆pbboom/qcboom x M)

It should be noticed that the ADS flights are performed in a short range (i.e. less than 10 Nm), so
the usual problems inherent to the Telemetry Link (e.g. signal noise and dropouts) were not
observed during the tests points. Due to the Link characteristics, the tool evaluation provided the
test results immediately after the end of the flight which in fact is its major benefit.
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CONCLUSIONS
As presented the development of a real time data processing tool for the ADS calibration flight
test was successfully achieved and evaluated.
The major achieved objectives are the capabilities to:
1. Validate all test points in real time;
2. Merge real time data from different sources;
3. Perform post-mission data analysis at the end of the last valid test point; and
4. Create the flight test report in a quasi-real time.
The next step that will be pursued is the development of a similar tool to be used for performance
flight test. In this case, the test range is larger (around 40 Nm), then the Telemetry Link reliability
will be jeopardized and this will be the major issue to be addressed.
Among other solutions to solve the Telemetry Link problem, there is the upcoming iNET
technology which could be used to correct noise corrupted or lost data into a quasi-real time
environment.
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