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COMPREHENSIVE METHOD OF RECORDING PSYCHO-PHYSIOLOGICAL
AND ENVIRONMENTAL SIGNALSDURING FLIGHT

In 2011 ITAM has completed work conducted with Wildlepresentatives to develop a comprehensive rdetho
of psycho-physiological pilots’ signals and extdranvironmental parameters during a test flighthas been assumed
that data will be collected “off line” during a inéng flight and stored in the monitoring moduleiemory, and after the
flight it will be loaded to the operator’s statisgstem at the airport. The “On line” transmissidrtioosen parameters
directly into a database and ongoing observatiore ldso been anticipated. One of the main assunwgpfior the
system was its independent work from the avionyssesns of aircraft used for training. This has magessible to use
the system regardless the type of aircraft equipraad without having the necessity to stringentecia of aviation
hardware acceptance.

The recording system has been designed as a distlilsystem consists of modules carried by thd,ghose
placed permanently in the cockpit of the planegatian for test flight preparation and reading releal data, as well as
a database system accessible via the Internet. Qaroation between the various system modules értploy various
transmission systems, wired as well as wireless.shfety reasons wireless communication betweenutesdn the
cockpit was not used in flight, with the exceptiohGSM transmission used to transfer selected damétly to the
Central Acquisition System.

1. INTRODUCTION

Studies of changes in biological parameters oftgilturing training were conducted in WIML
using appropriate aviation training equipment anghound. They did not fully reflected conditidhsit
occurred during real flight training. The obviousluidion seemed to be the transfer of monitoring the
chosen physiological parameters essential for assa# of a pilot’'s health to the cockpit and reawgd
the data during a training flight. Such solutioravdn been developed with the involvement of ITAM in
the VENTUS recorder, which allowed to record onlyfeav physiological (ECG, temperature) and
environmental (g-force and atmospheric pressureanpeters. It was therefore decided to begin the
development of a more sophisticated system forrmpaters recording, one that would work during
a training flight.

2. BASIC INFORMATION

The objective for the system implemented for thdéisRoAir Force Academy in Eblin was to
perform measurements and execute the monitoriregsadnificantly more numbers of physiological and
environmental parameters than in the VENTUS systase. The new system that was to be developec
took the name SMP-300 and supposed to be sometiing than just a recorder of various parameters.
Its composition has also included elements allgwion prepare the pilot for monitoring, extensivéada
acquisition mechanisms operating after the endefflight and during the flight as well as a data
system. This subsystem was to collect results udiss conducted during training flights, make them
available via the Internet and provide mechanismnsafithenticating access to such data. Elemerttseof
system placed on board of the aircraft should Hasen work independently to the airplane avionics
systems, so that they could be used in differgmegyof craft and cause minimum interference with th
airframe structure, and produce an acceptable lel/ehterference which could affect the aircraft's
systems. Figure 1 shows the architecture of theldped SMP-300 recording system.
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Fig. 1. Block diagram of SMP-300 system configumati

As it has been illustrated, the system works iréhdifferent locations. The first of them is the
aircraft cockpit, where monitoring of biomedicalr@aeters and recording environmental parameters for
reconstruction of flight parameters are perform@the main module responsible for monitoring
parameters is the SMP-300 Monitoring Module, cotegdy wires with sensors placed on the person
being monitored (e.g. a pilot) and powered by Io@se This is a portable module and, although durin
the flight it is placed in the Docking Station iakgd in the cockpit, but after the flight it ismoved and
transferred nearby the Operator Station at theodirfghe procedure is similar for the NIBP-201 grese
measurement module attached to the pilot or anotiogritored person on board of the airplane. Placing
the SMP-300 module in the docking station is neargsdecause during the flight it transfers dat vi
a serial link to the analytical module also plagethe docking station. The analytical module peses
received data and can transmit the results batket®&MP-300 module for recording or transmission by
a GSM mobile link or for transmission using anotleemmunication module (optional module from
QUASAR used). Data is recorded mainly in the “@fel’ mode, in the memory of the SMP-300 module,
but some selected data and results of its progpssi®, if it is possible, sent in the “on line” deo
through a mobile data network.

The second characteristic location of part of thstesn is the Control Center at the airport which
operates training flights and where the Operatati@t is located. The Operator Station softwarevas|
to prepare the monitored person (pilot or passérigedata recording. Once the sensors and thespres
cuff are connected, the correctness of the recgrciam be verified on the Station monitor and patarse
are possible to determined/hen the preparations of the monitored person aeg, the person goes to
the plane, places the SMP-300 module in the Dockitagion and performs a training flight. When the
flight is finished, entity returns to the Opera&iation surroundings, in which recorded data issnaitted
to the Station. Communication between the Monigphodule and the Operator Station is done via WiFi
net or Bluetooth, and via Bluetooth between pressugasurement module and the Operator Station.

Data obtained from the modules is transmitted ley @perator Station to the Central Acquisition
System installed on a server in the third systecatlon (at WIML). The CAS software handles
a database with monitoring results recorded irkfligecords data transmitted through the mobilevarkt
during the flight, and makes available and viswimformation stored in the database. Accessvengi
to chosen people authenticated through hardwasntok
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3. SMP-300 MONITORING MODULE AND COCKPIT EQUIPMENT

The SMP-300 Monitoring Module is the main recordipgrameters module during a flight. It
performs recording all of the parameters in thetey, with the exception of blood pressure
measurements performed by the NIBP-201 module.

The module monitors ECG graphs from two independeads with a frequencgf 1000 samples
per second. It has a respiration monitoring systiesh uses the reografic measurement method with ar
impedance variability caused by breathing in thegeabetween 0 and(l sampled at 500 Hz, and
monitors the electromyographic signal in two indegent channels with a frequency response up to 25C
Hz. The SMP-300 module also leads theygen saturation SpOmeasurements and monitors the
plethysmography graphising a commercial SpOnodule, as well as measurements of changes in skir
impedance from 10k to 200 K2.

The SMP-300 module also conducts measurementstares £nvironmental parameters on board
of the airplane: ambient temperature, humidity atchospheric pressure. It is also equipped with
modules that allow to determine its location andvement dynamics: a GPS module, module of the
acceleration measurements in three orthogonal #X&s (accelerometer), as well as a gyroscope and
magnetometer. Figure 2 presents the module’s stei@nd shows the location of each measurement
subsystem.

Due to the technical difficulties in accessing tygmeters recorded by the measuring apparatus o
the airplane and independence from the type of mach has been decided that the monitoring module
will be equipped with an autonomous function focaring the following flight parameters: speed,
altitude, tilt, inclination, course, and measuremeh astronomical time . Measurements of these
parameters are performed with the aid of a builtd®S module, accelerometer, gyroscope,
magnetometer, and atmospheric pressure sensordén  ensure appropriate operating conditions for
these sensors, it has been decided that the SMRA86Roring Module should be installed in a Docking
Station directly to the body of the aircratft.
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Fig. 2. Structure of the SM-P300 Monitoring Module.

The SMP-300 module is equipped in a number of es®land wired communication systems. In
addition to the aforementioned WiFi and Bluetootimenunication modules used to communicate with
the Operator Station and the GSM mobile commuraoatimodule (Figure 2), the module has been
equipped in a low power communication system basedNordic’s nRF24L01, designed for personal
communication networks, which was not used in tMPS00 system, and an UART serial connection.
For safety reasons, wireless communication systgere not used during the flight of the aircraft and
communication with the Analytical Module in the xdog Station was provided through a wired serial
interface, after the monitoring module was plaacedhie Station. Since the Monitoring Module fulfdle
the requirements of medical devices standards heddirective, and was directly connected to the
monitored person using the application parts of thedical device, the UART interface was galvahycal
isolated from the Analytical Module for reasonssaffety. For the same reason it was powered by ar
internal battery and charged before monitoring. T¥enitoring Module was supported by two
microcontroller chips. The AT32UC3B0256 microcotign chip was responsible for ECG signal
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monitoring, respiration, EMG, skin impedance, mang@Bluetooth and WiFi wireless communication
modules, support for the SD memory module and thees, while the ATXMEGA128 GSM handled
GSM communication, Nordic, reading data from theéOgmodule, and conducted measurements of
environmental parameters and the dynamics of madolkements.

The Docking Station shown in Figure 3, in which tenitoring Module was placed during the
flight, included a built-in analytical module resmible for performing the required data analysise T
module was used for ECG graph analysis and calogldhe following parameters: HR - heart rate,
VEB/min - ventricular ectopic beats, VPC/min - wamilar premature contractions, VESC/min -
ventricular escape beat, averaged QRS, AR - infooma@about arrhythmia, STu - ST-segment elevation,
STN - ST segment slope and HRV (t) - heart rateatdity analysis index.

The Analytical Module was based on a commerciallgilable PC module, which software was
developed for the use of the SMP-300 system baseshalytical software from ITAM.
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Fig. 3. Docking Station with Analytical Module.

The hardware of the SMP-300 Monitoring Module walisient to forgo installing other modules
in the cockpit subsystem, as it was capable taprdgss of GSM mobile transmission and equipped with
a GPS satellite navigation module. However, it whisnately decided to use a different system fas th
purpose - a module from QUASAR Electronics basedhmir Q-SAT QRTO1 specially adapted for
providing satellite navigation and GSM transmissiomobile communication systems. It was equipped
with external GPRS and GPS antennas, which imprakiedrange and sensitivity to satellite signals.
QUASAR'’s module was connected to the Analytical Miedthrough a serial RS-232 connection used by
the analytical module for transferring informatiavhich was then directly sent by GPRS to the Céntra
Acquisition System.

4. OPERATOR STATION AND CENTRAL DATA ACQUISITION SYSTH

The Operator Station was built on the basis of add@puter equipped with a Bluetooth 2.1
communication interface. By definition the stati@msured permanent access to the Internet for
communication with the Central Acquisition Syste®AS). The Operator Station (SO) software was
designed for the OpenSUSE system platform usintip@iries, the GCC compiler and the Bluez library
to communicate by Bluetooth interface. The Oper&tation application makes it possible to view
physiological parameters of the pilot and environtakparameters occurring in his or her surrondings
during the test. In addition to the presentationved lead ECG analysis, an analysis of this sigwed
used comprising: detection of the QRS complex, rdatation of the heart rate (HR), detection of
ventricular ectopic beats (VEB), determination lo¢ taverage beat, setting out ST segment parameters
(elevation and slope) and the detection of arrhyghrfhe whole system allows for easy and clear
viewing of the performed test.
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Fig. 4. Presentation of recorded data on the OpeSiation screen.

The CAS system has been designed and built usandptbst, while at the same dependable, web
solutions. The software was developed on the lHsEHP + PostgreSQL in the latest stable versions.
Additionally, the jQuery and jQuery.Ul library wased along with attractive extras for data presema
(tables, graphs), which resulted in the creatioa téxible and user-friendly tool. The system feamork
is based upon an object-based application framewtak uses an MVC (Model - View - Controller)
design template, so that particular applicationetay(data, users’ interface, control) were sepdrate
which make a modular design and future developnaénthe system possible. Access to data is
authenticated and transmission psotected through encryption. Just as in the Oper&tation
application, the Central Acquisition System presetite physiological parameters of the pilot and
environmental conditions of the test. In additionthat, the current location of the aircraft iswhoon
a physical map.

5. PRELIMINARY TEST OF SYSTEM

Prepared, actuated system was tested in the labpraf ITAM. The test showed that all
biomedical parameters were monitored properly dma gystem in terms of functional behaved as
expected.Measurements of environmental and dynamic parasetere also correct, except for the
external temperature and humidity measurementsiriglahe temperature sensor inside the encloswe ha
led to an increased temperature measurement itiorek®d the actual ambient temperature, despitésven
being left. After the design change the sensorpl@sed on the outside of the enclosure. The funictg
of the SMP-300 system in movement was checked bipnoe@ing monitoring while travelling by car,
using a portable battery to power the Docking 8mtBignal recording as well as GPRS communication
with the Central Acquisition System were both perfed correctly. The ultimate test of the correcsnes
of system operations was to conduct tests durirgcaral training flight.

The SMP-300 system supposed to be use during #weiny flights at the Polish Air Force
Academy in Rblin and adapted for installation in training aspés purchased by the Academy - Z242L
(two-seat plane) and Z 143SLi (four-seat planeinfi€LIN Aircraft. These aircraft were adapted byrZli
in a way that allowed SMP-300 system componentsetoonnected to the aircraft power supply system
and the Docking Station to be installed on boarthefaircratft.

The test of the SMP-300 system during a trainiighflwas conducted ingblin from the Air Force
Academy airfield. Flights were done on a two-sdat Z242L airplane. The person monitored during the
flight was a passenger connected to the SMP-300itbtorg Module using applicative cables. All
biomedical parameters were monitored except for Bféards. Blood pressure measurements using the
NIBP-201 module were not performed either. Afterreot signal acquisition was confirmed on the
ground, the training flight began. The flight dermstrated that GPRS transmission enabled monitoring o
the person tested and “on line” flight parametgrgaian altitude 400 to 500 meters. Transmissi@mveab
this altitude underwent suspension and data wasecotded in the Central Acquisition System. Oriee t
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flight descended lower, data transmission resumeldtlze system also transmitted data stored dunieg t
break in transmission.
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Fig. 5. Presentation of data “on line” upon retfrom a flight, on a computer screen with access
to the Central Acquisition System.

Figure 5 shows snapshots of the Central AcquisitBystem performed during the aircraft’s
approach for landing. They also show the flighjeirttory on a map or in a satellite view, as well as
change trends in biomedical and environmental patars just before the flight finished. The screlso a
shows ongoing statistics for parameters and EC®@ratmlities recorded by the Analytical Module, as
well as ongoing flight parameters received. Aftee flight was completed, data recorded during its
course was uploaded to the Operator Station. flclsded complete data, such as complete ECG graphs
for the flight, which due to their size were natrtsmitted “on line”, through the GPRS link.Research
performed has made it possible to prove that th®-88I0 system is ready for use during training fgh

6. CONCLUSIONS

The developed SMP-300 system performs the full@asfgunctions of a psycho-physiological and
environmental data recorder, while ensuring momtpiof in-flight dynamic parameters in “off line”
mode. The system also allowed recording of flightameters calculated on the basis of recorded
dynamic parameters and GPS monitoring, as wellgts trajectory mapping.

Research performed on the system has shown th&RRS network can be used to monitor people
moving using different modes of transport. The eystllows “on line” tracking of key biophysiologica
and flight parameters from the ground, when fligdnts at a low altitude. There is nothing to preuést
SMP-300 system from being used to monitor peopleingousing different modes of land transport.

Experience in the preparation of people for thestegfion of biophysiological parameters has
shown that the process is complex and requiresriexed staff, which means that such monitoring
cannot be used routinely. If routine recordingasbe conducted, it is recommended that sensors be
developed that allow the monitored person to pertlon himself or herself.
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The existing terrestrial mobile network does né@val“on line” registration to be performed during
flights at altitudes in excess of 500 m. In thaufatthe use of a satellite modem to transmit dag be
considered, as this would extend the system wahtmme viewing of parameters during a flight agner
altitudes.
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