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Abstract 
It’s highly critical to acquire, store, evaluate and analyze accurate real-time telemetry data during a 
test flight. Flight Test Management Centers are designed and used for this purpose. However, the 
capacity of Flight Test Management Centers are limited and majority of design engineers could not 
attend the test flight. The need of an application that lets design engineers to monitor the ongoing 
flight test from their workspace has occurred. For that reason, a software has been developed for real-
time data monitoring and extracting.  

On kick off of this project, two main objectives are aimed. The first one was to develop a smart sys-
tem, which helps design engineers to monitor critical flight parameters in real-time. The second one 
was to prevent human faults with pre-defined caution/error indicators and make predictions by using 
data-driven algorithms.  

The first phase of the project has determined as to gather data from flowing telemetry stream simulta-
neously in real-time and to store critical parameters in a time series database. The second phase has 
determined as to visualize data in comprehensible and user-friendly dashboards by selecting proper 
widgets. The last phase includes developing data models by using machine learning algorithms to 
make predictions regarding to previously stored flight data.  
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The Idea Behind 
As Mustafa Kemal Ataturk told 100 years ago, 
‘The Future is in the skies’. Aviation and Aero-
space Industry has boomed in the last 100 
years and it is still growing day by day. Re-
quirements are changing and companies are 
designing new products to meet that require-
ments.  Time is more important than anything 
else today. No matter how good the design is, 
the product could not succeed if it has not 
been served to the market on time. For that 
reason, the design should be transformed into 
the product very quickly.Testing activities are 
vital in aviation and aerospace industry, signifi-
cant time is allocated to flight testing activities 
in the product development process. These 
flight tests should be accomplished very care-
fully, in a very short time period. There is a 
need to collect as much data as possible from 

the experimental aircraft and analyze this data 
accurately. Rapid data analysis allows project 
Flight Test Team to be ready for the next flight 
test. Flight Test Management Centers are de-
signed to visualize real-time data received from 
the aircraft and manage the flight test accord-
ing to this data. However, the capacities of 
flight test management centers are limited and 
designers who are not directly related with the 
ongoing flight test does not attend to the test. 
In many tests, design engineers also need to 
monitor real-time data; so the data should be 
available under authentication control outside 
of the test management centers. First aim is to 
extend the capacity with an in-house web-
based software that allows engineers to moni-
tor the data directly from their workspaces. 
Second aim is to store real-time data that is 
collected during the flight in a time-series data-
base and use the stored data for further analy-
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sis. Thus, while the data is visualized in real 
time, a flight test database will be created.  

Telemetry data includes parameters that are 
critical for analyzing the design. The data must 
be stored in a database for design engineers, 
product teams and flight test engineers.  The 
Flight test team should be able query this data 
with different criterias. For example, compari-
son of values for the same parameter on test 
flights in various weather conditions or test 
points is very important. 

 After obtaining a sufficient amount of data, 
predictions can be made by using machine 
learning algorithms. As the size of the flight 
test database grows, the data model built on it 
will work with higher accuracy. Therefore, stor-
ing and labeling parameter data in each new 
flight test is critical. 

 

 

 

 

 
Fig. 1. A Flight Test Management Center, Turkish Aerospace Industries Inc. 

Current Design of Telemetry Network  
The flight test management center owns a 
seperated network called ‘Telemetry Network’. 
Desktop applications (such as IADS) runs on 
client computers which are called test monitor-
ing consoles. Flight test team can monitor the 

flight ontest monitoring consoles. Every test 
monitoring console runs a customized flight 
test monitoring display which has designed 
uniquely according to the flight test team 
members requests.   

 

 
Fig. 2. Telemetry System Design 
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Extended Design 
Turkish Aerospace has an internal network of 
approximately 10000 clients. This network is 
isolated from the Internet and telemetry net-
work. Employees use computers on this net-
work to carry out their jobs. Therefore, they 
need to access telemetry data through this net-
work. The design which has shown on Fig. 2 
has extended as shown in Fig. 3.  Conversion 
of signals from telemetry is done by Decommu-
tator. A software that fetchs data after this 

transformation and inserts into database, has 
been developed. As shown in the Fig. 3, this 
software receives parameter data from the 
source in the telemetry network and inserts into 
a database in the company network where the 
employees' workspaces are located. The data-
base is a time-series database and data is 
stored with its sampling rate. There is an 
analytics platform running in the server. This 
analytical platform provides real-time visualiza-
tion of data recorded in the database.    

 
Fig. 3. Access data through Company Network

Phases of Solution and Techologies Used 
Three stages had to be applied to implement 
the solution. In order to implement these pro-
cesses, technologies commonly used in soft-
ware world such as Python, Grafana, InfluxDB 
and Docker have been selected. Docker has 
been used to run container structures. Python 
programming language has been used to de-
velop software that fetches real-time telemetry 
data and inserts into the database. Influxdb has 
been used to store data, and Grafana has been 
used to visualize stored data. 

 
Fig. 4 Technologies used 
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Phase 1: Data Acquisition and Storage 
The first phase was to develop an application 
that reads telemetry data in real time and stores 
into a time-series database. In telemetry net-
work IADS CDS (Cache Data Server) is used to 
serve data to client desktops. In addition to this, 
IADS provides an API to get this data pro-
grammatically. This interface has been used to 
read real-time data. Through this interface, it is 
possible to get not only parameter data but also 
many additional data such as test point logs, 
event logs, parameter list, parameter calibration 
definitions, and mission attributes tables.  

The software has been developed with the Py-
thon programming language. It is a desktop 
application that runs in a server in the telemetry 
network. Since the data rate is very high, the 
software has been developed to operate at 
maximum speed and it works with a large num-
ber of threads to carry out the operations. It is a 
desktop application without any visual compo-
nents and works as a service. Parameter 
names can be configurable for different type of 
aircrafts. Information about which parameters 
will be written to the database in real-time is 

recorded in a configuration file and the software 
performs data reading and writing operations in 
accordance with this information. 

For the selection of the database, the most 
important criteria was the speed of writing and 
reading. Planned writing and reading speed 
was designed to be one tenth of a second. This 
means that all selected parameters are both be 
written and read within 100ms. Even delays in 
the level of seconds can cause data to be mis-
interpreted. Since the data is processed on time 
based, this database must be a time-series. 
One of the most used time-series databases in 
the software community, Influxdb was chosen 
to meet that requirement. In addition to parame-
ter data, the database contains metadata about 
the flights. Test point and mission attribute data 
are also stored in a relation in the database. 
Storing these data together makes it easier for 
flight test engineers to make detailed analyzes 
with accumulated data. At the end of the test 
flights, a telemetry-specific flight test database 
has been created and this database is accesi-
ble for all users to run complex queries. 

 

 
Fig. 5. Real-time Data Reader and Writer Application 

 

 
Fig. 6. Sample Parameter Data 
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Phase 2 : Visualization 
Visualization of the data via using proper widg-
ets is as important as acquiring it. Stored data 
should be converted to visuals at high speed 
and this visuals should be easy to understand 
and interpret. Considering the speed of writing 
data to the database, it should be displayed on 
the dashboard with a delay of up to one sec-
ond. Since the data is stored in a time-series 
database, the visualization technology has to 
support this type of database.  

As the data visualization application will be the 
gateway to data access and will operate on the 
same network with all internal users, authoriza-
tion control is very important. Only authorized 
personnel should be able to access the dash-
boards to be developed. Therefore, a solution 
with a strong security structure and in accord-
ance with the authorization policy used in the 
network should be chosen. It should also be 
customizable and extensible. Although there 
are some differences according to the technol-
ogy used, generally there are standard visual 
sets. These visual sets may not meet the re-
quirement when the working area is very specif-
ic. Since aviation and aerospace is a very spe-
cific field, it cannot be expected that the prod-
ucts on the market to contain the visual sets 
used in this field. Therefore, it should be open 
to custom development. Grafana is the right 
choice from this point of view. As many custom 
plugins can be found and used, it is not difficult 
to develop a new custom plugin. As a matter of 

fact, some of the visuals used in the dash-
boards are customized for custom use within 
the company. The infrastructures used in this 
phase were preferred to be open source. 
Community support is very important on these 
open source platforms. This criterion was also 
taken into consideration during the selection.  

 
Fig. 7. Artificial Horizon-Community Plugin extended 

 
Fig.8 Sample Visuals from Flight Test Dashboard

 
Fig 9. Flight Test Dashboard 
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Phase 3: Post-Flight Further Analysis 
It was mentioned that data is being stored into a 
time-series database while visualization pro-
cess. Thus, a database where post-flight analy-
sis can be done after the flight was obtained. 
Storing flight data with this method helps to 
analyze the behavior of one or more parame-
ters between different flights, test points and 
conditions such weather, aircraft configuration 
etc. Furthermore, important flight test data that 
is acquired can be transformed into more valu-
able way by using machine learning methods. 
One of the most important objectives of flight 
tests is to detect abnormalities on the aircraft. 
These abnormalities are very prone to faults 
when attempted to be detected by the human 
eye. Data models fed with sufficient data are 
very successful in detecting these abnormali-
ties. Machine learning techniques are used to 
detect these abnormalities. Both of the two 
most important types of machine learning 
methods, supervised and unsupervised learn-
ing, can be used. 

Supervised Machine Learning 
In case the inputs and the outputs resulting 
from these inputs are known, it is called 
supervised machine learning. So there is a 
function like f (x) = Y.  
Here, x is input and Y is output. The aim is to 
predict Y value based on previous data for new 
x values. The data should be tagged here. For 
example, the engine failure that occurs in a 
certain combination of torque, engine speed 
and oil temperature values should be labeled. 
Thus, the data model will evaluate these pa-
rameters and predict whether an engine failure 
will occur. 

Unsupervised Machine Learning 
Unsupervised machine learning is one of the 
widely used methods. It allows for anomaly 
detection by clustering method in cases where 
Y result is unknown corresponding to x inputs. 
What is done here is to group each parameter 
by evaluating the values of previous data, even 
if Y is unknown, and to identify values outside 
this set. 

Hundreds and even thousands of parameters 
are collected at high frequencies according to 
the measurement type during a test flight. It is 
almost impossible for a human to evaluate such 
this amount of data instantly and make right 
decisions. At this point, where human abilities 
are limited, using computer-aided methods will 
increase the safety and effectiveness of test 
flight. In order to use these methods, a flight 
test database is required first. As mentioned in 
the first part of the article, while the data is vis-
ualized, it is also recorded into the database. By 

using this database, the data model is trained 
which values are normal under different condi-
tions for each parameter. To give a simple ex-
ample, when the engine speed is 3000 rpm and 
it is known that the oil temperature should be 
between 80 to 90 degrees celsius, it can be 
considered as an anomaly when this tempera-
ture rises above 90 degrees. Although this is 
easily detectable by a human and can be re-
solved with a simple warning mechanism, more 
complex techniques are needed considering the 
mentioned data. In this example, an inference 
was made by evaluating only two parameter 
and one rule. Although it varies depending on 
the type of aircraft, thousands of parameters 
from hundreds of sensors in an aircraft can be 
collected at the frequency of a few kilo hertz. In 
a dataset of this size, it is impossible to evalu-
ate all parameters that may be related to each 
other instantly. Moreover, while the relationship 
between engine speed and oil temperature is 
strictly known in the given example, thousands 
of parameters in the same dataset could be 
related to each other. Therefore, a solution has 
been developed to detect abnormalities.  

 

 
Fig 10. Anomaly Detection (Clustering) 

 

Conclusion 
The visualization and evaluation of the data 
collected in flight tests with analytical systems 
has a great importance for the schedule, cost 
and success of the project. With the completion 
of this software, it is predicted that the flight test 
process carried out within the company will be 
accelerated.  

 

 


