
AUTOMATION SYSTEM FOR THE
FLIGHT TEST LABORATORY (SALEV)

Item Type text; Proceedings

Authors Sousa, Lucas Benedito dos Reis; Leite, Nelson Paiva Oliveira;
Walter, Fernando; Cunha, Wagner Chiepa

Publisher International Foundation for Telemetering

Journal International Telemetering Conference Proceedings

Rights Copyright © International Foundation for Telemetering

Download date 19/05/2023 15:48:02

Link to Item http://hdl.handle.net/10150/603934

http://hdl.handle.net/10150/603934


 1 

AUTOMATION SYSTEM FOR THE FLIGHT TEST 
LABORATORY (SALEV) 

 
 

Lucas Benedito dos Reis Sousa MSsEE.  
CTA - Grupo Especial de Ensaios em Vôo 

Pça Marechal Eduardo Gomes nº50 (CTA-GEEV) 
São José dos Campos, SP, BRAZIL, 12.228-904. 

lucasb@iae.cta.br 
 

Nelson Paiva Oliveira Leite, MScEE. 
CTA - Grupo Especial de Ensaios em Vôo 

Pça Marechal Eduardo Gomes nº50 (CTA-GEEV) 
São José dos Campos, SP, BRAZIL, 12.228-904. 

nelson@iae.cta.br 
 

Fernando Walter, PhD. 
ITA - Divisão de Eletrônica 

Pça Marechal Eduardo Gomes nº50 (ITA-IEET) 
São José dos Campos, SP, BRAZIL, 12.228-900. 

fw2@ita.br 
 

Wagner Chiepa Cunha, PhD. 
ITA -Divisão de Eletrônica 

Pça Marechal Eduardo Gomes nº50 (ITA-IEEE) 
São José dos Campos, SP, BRAZIL, 12.228-900. 

chiepa@ita.br 
 
 

ABSTRACT 
 
A novel Automation System for the Flight Test Laboratory (SALEV) is developed in full 
compliance with EA-4/02 Standard (i.e. Expression of the Uncertainty of Measurement in 
Calibration) to compute the uncertainty of the measurement at the calibration laboratory of the 
Flight Tests Group (GEEV). 
 
The GEEV performs flight test campaigns to certificate and/or develop aircrafts and its systems. 
Then, flight tests instrumentation (FTI) systems are developed and installed in the test bed. The 
FTI data acquisition complies with IRIG Standard. 
 
The FTI is composed by a data acquisition system, which performs signal conditioning, sampling 
and quantization of all measurements provided by a set of transducers. All parameters are coded 
in a PCM format and represented in a non-dimensional numerical form (i.e. counts). 
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To allow the establishment of a relation between the non-dimensional form and the physical 
quantity, a calibration process is carried out to provide the coefficients of a calibration curve. 
This process is also used to determine the systematic and random errors (i.e. the uncertainty). The 
accuracy and reliability of calibration process should comply with the requirements, which are 
customized for each flight test campaign. 
 
The satisfactory performance of the SALEV calibration process is achieved by automation in all 
steps. The SALEV development is presented, which includes the following steps: 
 

• Database definition; 
• Study of all steps and parts that forms the calibration process (i.e. from transducer to 

final uncertainty determination) to determine its associated uncertainties; 
• Automation of the entire calibration process (including the process itself up to the 

effective control of standard and instruments); 
• Development of algorithms to compute the uncertainty compliant with EA 4/02; and 
• System validation in compliance with ISO/IEC 17025. 

 
As result of the SALEV operation, it could be verified that measurement quality was improved, 
and the required time for calibration was substantially reduced. Also the standardization of this 
process allows failures forecast due to aging of systems parameters (i.e. bias). 
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INTRODUCTION 
 
The statement of the result of a measurement is complete only if it contains both the value 
attributed to the measurand and the uncertainty of measurement associated with that value [1]. 
The uncertainty of measurement is a parameter, associated with the result of a measurement that 
characterizes the dispersion of the values that could reasonably be attributed to the measurand [2]. 
 
To fully comply with above statements it was developed the Automation System for the Flight 
Test Laboratory (SALEV). The SALEV compute the uncertainty of a measurement according 
with EA 4/02 Standard.  
 
The SALEV is being developed in Flight Test Laboratory (LEV) of Flight Tests Group (GEEV), 
where the entire calibration process is carried out. The LEV also develops new operation 
techniques and proceedings, which assures the quality of all measurements and tests. 
 
The calibrations carried out are performed taking into account all components that form the 
measurement chain, considering all errors sources. Herein the calibrations are classified as: 
 

o Direct Calibration (Figure 1), which involves a single transducer or an instrument. 



 3 

o Complete Calibration (Figure 2), which involves a multi-component measurement  
chain (i.e. an airborne FTI). 

 

  
Figure 1 – Direct Calibration Figure 2 – Complete Calibration 

 
 

BACKGROUND 
 
The Brazilian Instituto Nacional de Metrologia, Normalização e Qualidade Industrial 
(INMETRO) in order to achieve international recognition of standardized calibration and tests 
methods, signed an agreement with the European Co-operation for Accreditation (EA) that 
included Brazil in the EA Multilateral Agreement. EA adopt the EA-4/02 [1] that establishes the 
measurement uncertainty computation methodology that was adopted as reference in uncertainty 
evaluation in all laboratories accredited by EA. 
 
The EA-4/02 define that the measurement uncertainty associated with input estimates is made in 
accordance with Type A and B evaluation methods. 
 
The A type evaluation of standard uncertainty is performed by statistical analysis of one series of 
independent observations of the input quantity, under the same condition of measurement. For 
each calibration point, will be determined the experimental standar d deviation that is computed 
by: 
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where: 
n  is the number of samples 

jq   is the jth value of quantity q; and 

q   is the mean value of jq . 
Once the experimental standard deviation is determined for all points, the uncertainty is 
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The B type evaluation of standard uncertainty is associated with the estimated value (xi) of input 
quantity (Xi) through a procedure different than the A type evaluation. The standard uncertainty 
u(xi), is evaluated by scientific judgment based on all available information on the possible 
variability of Xi. Values belonging to this category may be derived from: 

• Previous measurement data; 
• Experience with or general knowledge of the behavior and properties of relevant 

materials and instruments; 
• Manufacture’s specifications; 
• Data provided in calibration and other certificates; and 
• Uncertainties assigned to reference data taken from handbooks. 

 
The uncertainty analysis for a measurement, known as the uncertainty budget of the 
measurement, should include: 

• The list of all sources of uncertainty; 
• The values of standard uncertainty; 
• The method used to evaluate uncertainty; 
• The number of samples; 
• The quantity symbol; 
• The sensitivity coefficient; 
• The contribution for the standard uncertainty; and 
• The uncertainty unity.  

 
The quantity ui(y), is the contribution to the standard uncertainty associated with the output 
estimate y resulting from the standard uncertainty that is associated with the input estimate xi: 
 

)(.)( ii xuciyU =  (3) 
 

Where ci is the sensitivity coefficient associated with the input estimate xi, computed by: 
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The sensitivity coefficient describes the extent to which the output estimate y is influenced by 
changes of the input estimate xi. 

 
Whereas u(xi) of each components, identified in the process, is always positive, the contribution 
ui(y) is either positive or negative, depending on the sign of the sensitivity coefficient ci. 
 
The combined standard uncertainty of measurement uc(y) is determined by: 
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The expanded uncertainty of measurement U is given by: 
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Where k is the coverage factor. 

 
When a normal (Gaussian) distribution can be attributed to the measurand and the standard 
uncertainty associated with the output estimate has sufficient reliability, the standard coverage 
factor k=2 shall be used. The assigned expanded uncertainty corresponds to a coverage 
probability of approximately 95%. 
 
The reliability of standard uncertainty assigned to the output estimate is determined by its 
effective degrees of freedom. However, the reliability criterion is always met if none of the 
uncertainty contributions is obtained from a Type A evaluation on less than ten repeated 
observations. 
 
Taking in consideration Type A evaluation, the k value can be the following: 
 

1. When n>10 and the probability distribution function (PDF) is normal, k = 2; 
2. When one of previous conditions is not satisfied, the use of k = 2 could result in a 

coverage probability smaller than 95%. In this case the k value should be determined 
as follows: 
2.1.  Initially, using the Welch-Satterhwaite [3], [4] formula (eq.7), it is computed 

the effective degrees of freedom (Veff). If the Veff value is not an integer, it 
should be rounded to the next lower integer value; 

2.2.  Then, the coverage factor k is obtained from a table based in t-distribution, 
considering a coverage factor of 95.5%. 
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SALEV ARCHITECTURE 
 
The SALEV architecture (Figure 3) was developed according with ISO/IEC 17025 standard [5] 
that defines the requirements of testing and calibration laboratories, in particular items related to: 
 

• System Quality Implementation 
• Technical Competence; and 
• Results generation and validation. 

 
The system is composed by the following components: 

1. Control System, which is basically composed by a computer and its applications that 
manages the entire calibration process. This system has the following ma in functions: 
1.1.  Reference Control; 
1.2.  Data acquisition; 
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1.3.  Calibration process control; and 
1.4.  Automatic emission of report and calibration certificates. 

2. References, which simulate physical quantities that is applied to the measurement 
chain. The references are divided in two groups: 
2.1.  Remote controlled References, which are controlled by computer via 

communication interface (e.g. RS232 or GPIB); and 
2.2.  Manually controlled References. 

3. Data Acquisition, which gathers all measurements required for the calibration process. 
Data acquisition is performed in two different ways: 
3.1.  Direct measurement from transducers, where data acquisition is performed by 

multimeters; and 
3.2.  Measurement from PC/PCM communication module (logical or physical), where 

data is acquired in two ways: 
3.2.1.  Directly from the PCM decomutation system of the telemetry station, using 

a TCP/IP based custom protocol; or  
3.2.2.  From the PC/PCM interface that receive PCM data, from the airborne Data 

Acquisition System (DAS), and convert and transmit selected data to PC 
via RS232 interface.  

 

 
Figure 3 – SALEV Architecture 
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The calibration control system use standardized procedures for each type of transducer and 
reference. All references are calibrated and traced to references accredited by NIST through 
INMETRO. 
 
SALEV performs various functions, which can be grouped in specific areas such as: 
 

• Laboratory Capabilities; 
• Instrumentation Definition and Control; 
• Material Definition; 
• Calibration Control and Execution; 
• Metrology Parameters Definition; and  
• Administration and Maintenance. 

 
 

SALEV DEVELOPMENT 
 
The SALEV development used several tools, as follows: 
 

1. Database: Which employed a relational database to store all data related to the 
calibration process. Most information managed by SALEV is contained in the 
database that manages and controls all activities related to flight tests, therefore 
SALEV design considered the integration of both database; 

2. Graphical Interface: The development of this module used Microsoft Visual Basic® 
(MS-VB) development tool; 

3. Reports: The development of this module was achieved with the integration between 
MS-VB and Microsoft-Word® (MS-W), where MS-VB take control of MS-W to 
generate the certificates and memorials; 

4. Calculus: The development of this module was achieved with the integration between 
MS-VB and Matlab®, where VB® performs calls to Matlab®, which performs all 
calculus in background mode and returns the result to MS-VB. 

 
 

SALEV OPERATION 
 
The calibration process begins with the identification of the transducer or parameter to be 
calibrated. Once identified, the system is able to choose the reference. In this phase SALEV 
checks if the calibration of the selected reference is valid. Also the operator defines the following 
items: 
 

• The calibration procedure; 
• The calibration process, where is defined the following information: 

o Points Generation Method (i.e. manual or automatic); 
o Number of points per calibration step; 
o Cycle type (i.e. ascendant, descendent, or ascendant and descendent); and 
o Number of complete cycles. 

• Measurement range calibration; 
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Then the calibration execution is started. In this step it is performed the following sequence: 

• The control system takes control of the reference, which simulate physical quantity as 
defined to each calibration point; 

• The Control system checks if the reference has stabilized its output; 
• The Control system commands data acquisition; and 
• Calibration program analyze acquired data and validates the calibration point with 

statistical analysis and graphical representation of the results. 
 
When all calibration points are acquired and validated, a Matlab® data file is created and the 
curve fitting process is started. Then, the resulting information is stored in a database and the 
uncertainty computation is performed whose result comprises the following information: 
 

• Input Uncertainties: Where is presented all uncertainties names and values (e.g. mean 
standard deviation); 

• Probability Distribution: Where is presented the probability density function related to 
each uncertainty; 

• Sensitivity Coefficient: Where is inserted the numeric value of ci;  
• Degree of Freedom: Where is inserted the degree of freedom related to each 

uncertainty. When this value is not infinity, the correct value will be computed from 
the number of samples; 

• Output Uncertainty: Which presents the contribution of each uncertainty to the final 
uncertainty; 

• Uncertainties: Which presents the following parameters: 
o Expanded and Combined Uncertainty; 
o Coverage Factor (k) and Probability; 
o Effective Degree of Freedom; 
o Number of Samples; 
o Output Full Scale of calibrated transducer or equipment; and 
o The Degree of Curve Fitting defined in the calibration process. 

• Selected Range: Which presents the selected range for calibration; 
• Coverage Probability Selection: Which allows the user to select the coverage 

probability level to be used for uncertainty computation; 
• Quantities: Which allows the selection of others relevant quantities related to a 

specific uncertainty model (e.g. probability distribution); and 
• Details: Which allow the visualization of miscellaneous details (e.g. cycle number). 

 
Once the expanded uncertainty is computed, it is necessary to generate the calibration certificate 
in accordance with ISO/IEC 17025 [5]. The numbering of this certificate is auto generated and 
contains the year and a sequential number (e.g. 0027/2006 for the 27th calibration of year 2006). 
 
All calibration, as well as reference calibrations are stored in a database and it can be accessed for 
quality auditing purposes. Also it is possible to create a calibration history for each component, 
allowing the evaluation of the bias tendency that could be used to predict the equipment health 
and avoid malfunctions during the test flights. 
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SALEV EVALUATION 
 
All developed algorithms were tested in a stand-alone configuration and integrated under 
controlled conditions. Using SALEV the calibration of the CH-55 helicopter FTI x-axis load 
factor (Nx) parameter, that uses a SFIM servo accelerometer JT-2126, whose calibration process 
employed 3 cycles and 22 static points/cycle took 1:45 hours with the traditional process and 0:30 
hours with SALEV, thus a reduction of 72% of the required time. Considering that FTI 
parameters count is around 2,000 measures (e.g. EMBRAER 170), this reduction is considerable. 
 
Observing the calibration of the same parameter on March 18th 2005, where the operator 
performed an erroneous command (Figure 4) of reference in a single calibration point (e.g. 0.3G 
instead of 0.4G), the resulting uncertainty of the traditional process, where the operation error 
were not noticed, was ±0.022G. Using the SALEV this operation error is not possible and the 
correct uncertainty for the same measurement is ±0.0014G (Figure 5), which is about 20 times 
smaller. 
 

 
 

Figure 4 – Existing Method Calibration Results. Figure 5 – SALEV Calibration Results. 
 
 

CONCLUSIONS 
 
SALEV as a new automation and standardization tool was developed and integrated into the LEV 
to control and execute all calibration processes and to compute the uncertainty of all FTI 
parameters. 
 
As result of SALEV operation, it could be verified that measurement quality was improved, since 
automation had significantly reduced the operation error probability.  
 
Although SALEV development is customized to LEV, and GEEV existing Telemetry Front End 
(TFE) its modular architecture permits its use with other applications as well the addition of new 
functions and tools such as the implementation of dynamic calibration procedures and the 
evaluation of the FTI reliability through the observation of the bias trend.  
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