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Abstract: The paper presents selected results of the work carried out at the Air 

Force Institute of Technology (AFIT) in the scope of computer diagnostic tests of 

the SWPL-1 Cyklop helmet mounted flight parameters display system. This system 

has been designed in such a way that it warns the pilot of dangerous situations 

occurring on board the helicopter and threatening the flight safety (WARN) or 

faults (FAIL), which inform about a failure in given on-board equipment. The 

SWPL-1 system has been awarded the Prize of the President of the Republic of 

Poland during the 17. International Defense Industry Exhibition in Kielce.   
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Streszczenie: W artykule przedstawiono wybrane wyniki prac realizowanych  

w Instytucie Technicznym Wojsk Lotniczych (ITWL) w zakresie komputerowych 

badań diagnostycznych nahełmowego systemu wyświetlania parametrów lotu 

SWPL-1  Cyklop. System ten został zaprojektowany w taki sposób, aby alarmować 

pilota o wystąpieniu na pokładzie śmigłowca sytuacji niebezpiecznych, 

zagrażających bezpieczeństwu lotu (WARN) lub stanów awaryjnych (FAIL), 

informujących o niesprawności wybranych urządzeń pokładowych. Zbudowany 

system SWPL-1 otrzymał Nagrodę Prezydenta RP na XVII Międzynarodowym 

Salonie Przemysłu Obronnego MSPO’2009 w Kielcach.  

 

Słowa kluczowe:  systemy wyświetlania parametrów lotu, metody badań  
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1. Introduction 

Helmet mounted flight parameters display systems are now a major component of 

modern, computer-integrated avionics (e.g. the system described in [7]), used on 

military aircraft to support pilot’s operation, display of  flight, navigation and 

targeting information and to warn of dangerous situations or malfunctions of 

supervised on-board devices and installations. The main advantage of modern 

helmet mounted display systems is that they increase pilot’s situation awareness 

during conducting combat missions, improve safety of piloting a helicopter while 

performing complex tasks (e.g. searching targets, search and picking up survivors) 

and display information necessary for the execution of tasks, while the pilot is 

observing the environment outside the helicopter cabin at the same time [2]. Pilot’s 

situation awareness must be however based on reliable information concerning 

both flight and navigation data and tactical situation of the aircraft. It is 

nevertheless very important to detect emergencies or failures in a helmet mounted 

display system and devices controlled by it which have a direct impact on flight 

safety [8].  

In Poland, work on the construction of the first (produced by domestic companies) 

helmet mounted flight and navigation data display system has been started at AFIT 

in cooperation with Optical Industry Center (PCO Warszawa S.A.) and Military 

Aviation Works No. 1 (WZL-1 Łódź S.A.). The SWPL-1 helmet mounted flight 

parameters display system, which has been gradually installed on Mi-17 

helicopters, allows piloting a helicopter day and night (with the use of night vision 

goggles) without having to continuously track indications on the instrument panel. 

The SWPL-1 system allows the crew to observe an area while controlling basic 

flight parameters and technical condition of selected systems onboard the 

helicopter.  

The system receives and processes data from helicopter on-board systems and 

transmits them to the helmet mounted display system for individual pilots in 

graphic or digital form [1]. 

2. Internal control systems of the SWPL-1 system’s components  

The SWPL-1 helmet mounted display system enables to display chosen flight and 

navigation parameters and parameters of the power supply unit. Additionally, the 

system signals the fact of exceeding dangerous flight altitude, warns of dangerous 

situations onboard the helicopter and malfunctions (errors in work) of onboard 

systems. Before each flight, the system performs automatic diagnosis of technical 

condition of the basic elements/units of the system, with the possibility of entering 

additional correction and navigation data [1]. For emergencies, the SWPL-1 system 

has a function of automatic shutdown of the WARN and FAIL alarm after  

a specified period of time (switching off the signal of current state of emergencies 

does not affect the display of new information, if such occurs). Despite extensive 

functions of the emergency warning system, the use of this data in digital form in 

the SWPL-1 helmet mounted flight parameters display system requires conducting 
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of assessment of accuracy and reliability of signals from digital and analog 

channels (as sources of information installed on Mi-17 helicopter).  

Monitoring of the condition of the ADU-3000 Air Data Unit   

One of the primary transmitters of data for the SWPL-1 system, is the ADU-3000 

air data computer (Fig. 1.) dedicated to determining aerometric parameters (such as 

pressure and air temperature, flight altitude and air speed, vertical speed) and 

sending those parameters to the KG-1 graphic computer via the ARINC-429 digital 

data bus.  

 

 

 

 
 

Fig. 1 ADU-3000 air data computer (left) and its test report chard (right)  

 

As part of the internal BIT tests (performed by the computer) the following aspects 

are checked: parity of data received from discrete inputs, accuracy of work of the 

calculation program for the introduced checksum, accuracy of operation of sensors 

and analog-to-digital converters for static and differential (dynamic) pressure 

signals and accuracy of operation of the sensors measuring stopped air streams, 

correct operation of RAM and microprocessor, accuracy of outputs according to 

the ARINC-429 standard and accuracy of the real-time monitor [6]. During 

transmission of ARINC-429 data, the validity of words in the scope of transmitted 

flight parameters (such as static and differential pressure, barometric and corrected 

altitude, barometric correction, vertical speed, Mach number, calculated CAS and 

true TAS velocity, SAT and TAT temperature of stopped air jets and signals of 

operation readiness of the ADU-3000 computer) is checked.  

Monitoring of the condition of the GPS-155XL satellite receiver   

The GPS-155XL satellite receiver (Fig. 2.) is dedicated to determination of 

navigation parameters (including i.a. geographic coordinates of the helicopter’s 

navigational position, cruising speed, geographic and magnetic course for the path 

of the helicopter’s flight, magnetic declination for the current navigational position, 

distance and time of arrival to a specified destination) and sending them to the KG-

1 graphic computer via ARINC-429 digital data bus [5]. As part of the internal BIT 
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tests (performed by the receiver) checks of, among others, status and operating 

mode of the receiver are performed. During transmission of data according to 

ARINC-429, the validity of words in the scope of transmitted navigation 

parameters (such as geographic coordinates of the helicopter’s navigational 

position, cruising speed, geographic and magnetic course for the path of the 

helicopter’s flight, magnetic declination, distance and time of arrival to a specified 

destination and the work status of the GPS-155XL receiver) is checked.  

 

 

 

 
 

Fig. 2  GPS-155XL receiver (left) and its test report chard (right)  

 

Other devices determining flight and navigation parameters and cooperating with 

the SWPL-1 system are [1]:  

 A-037 or APN-209 radio altimeter for determination of the so-called relative 

flight altitude and exceeding defined dangerous altitude; 

 AGB-3K artificial horizon determining inclination and bank angle; 

 GMK-1AE heading system determining magnetic course;  

 P1 transmitters determining rotations of the helicopter rotor and the left and 

right engine compressors.  

Results of internal tests for radio altimeter, artificial horizon and heading system 

are signaled with a so called “flag” (failure marker) on indicators of those devices 

with binary signals transmitted to the KG-1 graphic computer.  

3. Monitoring of the technical condition of the SWPL-1 system  

The SWPL-1 flight parameters display system is dedicated to alert the pilot of 

dangerous situations of the WARN type occurring onboard a helicopter that 

threaten flight safety (e.g. signaling of dangerous flight altitude), or emergencies of 

the FAIL type, which inform about failures in given on-board devices (e.g. damage 

to the generator). The KG-1 graphic computer and the UDS-1 signals matching 

unit (Fig. 3.) have been used for continuous monitoring of the condition of the 

SWPL-1 system’s components.  



Sławomir Michalak, Jerzy Borowski, Andrzej Szelmanowski 

 

 

 
77 

To ensure proper operation of those devices, they have been subjected to selected 

mechanical, climatic and electromagnetic compatibility tests. In addition, before 

the entire system is installed on a helicopter, it is calibrated and checked in terms of 

correct operation at a specialized test bench built in AFIT [1].  

 

 

 

 
 

Fig. 3 The KG-1 graphic computer (left) and the UDS-1 signals matching unit (right)  

 

The KG-1 graphic computer is the main component of the SWPL-1 system, which 

is a module for processing of signals with flight and navigation parameters 

received from on-board transmitters to the form of graphic symbols or digital form, 

which is required for displaying them on helmet mounted displays. The graphic 

computer KG-1 is equipped with a function of automatic diagnosis and diagnostic 

connection, which is used by technical ground personnel during calibration of 

measurement channels of the SWPL-1 system. Boards enabling validation and 

calibration of individual devices of the system are displayed on the WDN-1 

helmet-mounted display or on an LCD monitor, which is part of the test bench [1]. 

The UDS-1 signals matching unit is a module for standardization of electrical 

signals received from chosen on-board analog devices of Mi-17 helicopter. It is a 

multiprocessor system equipped with the function of automatic diagnosis and 

cooperating in this area with the KG-1 graphic computer [1].  

The TEST mode (aside from other modes: NAV - navigation, OPER - operation 

and AWAR - emergency) has been introduced as the main way to ensure high 

reliability of the flight and navigation information, which is digitally processed in 

the SWPL-1 helmet mounted flight parameters display system. In the scope of the 

TEST mode (available only on the ground) tests of individual systems and data 

processing channels in the SWPL-1 system are performed. Information concerning 

results of the check is displayed to the pilot in the scope of work accuracy of the 

GPS-155XL satellite signals receiver, the ADU-3000 air data computer, the UDS-1 

signals matching unit and the KG-1 graphic computer. In addition, the pilot has the 

possibility to enter / set the time of the circadian cycle (Fig. 4.).  
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Fig. 4  The TEST mode board (left) and the NAVIGATION mode board (right) 
 

After starting the SWPL-1 system on the ground, the control of technical condition 

of all system’s components is carried out, which also includes the GPS-155XL 

receiver and the ADU-3000 air data computer. Before each flight, the system 

performs automatic diagnosis of technical condition of all core component modules 

of the UDS-1 signals matching unit and the KG-1 graphic computer, with the 

possibility of entering additional correction data or coordinates of chosen 

waypoints [1].  

During flight, the SWPL-1 system of Mi-17 helicopter displays 16 flight 

parameters in three different sets (selected independently by each pilot) and takes 

into account 28 emergencies in the warning system (WARN) and signaling of 

errors (FAIL). Information concerning results of the check is displayed to the pilot 

in a simplified manner within the WARN or FAIL command. All parameters are 

displayed in the same measurement system as in devices installed on instrument 

panels. The choice of the operating range of the system (display type) and 

switching off (hiding) information concerning WARN dangerous situations and 

FAIL errors in onboard devices are performed with the use of HOCAS control [1]. 

One of the SWPL-1 system’s most important operation modes is the validation and 

calibration mode of the component devices and instruments cooperating with the 

SWPL-1 system and providing flight and navigation information. As an example, 

one of elements controlled by the system is the GMK-1AE heading system, which 

is an on-board navigation device belonging to Mi-17 helicopter whose task is to 

determine magnetic course [4]. The KM-8 correction mechanism is used for 

calibration of this unit, which is dedicated to entering corrections in a determined 

course. The previously used technology required that current charts of corrections 

placed in the crew cabin were created after conducting correction works of the 

GMK-1AE heading system [4]. The Mi-17 helicopter modernized version with the 

SWPL-1 system uses a computer system processing information concerning course 

derived from the GMK-1AE system. Signals preliminary prepared in the UDS-1 

signals matching unit and relating to the course from the GMK-1AE system are 

then transmitted to the KG-1 graphic computer, in which the actual calibration of 

measurement chains takes place [1]. 
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4. Methods of ensuring reliability of indications in the SWPL-1 system  

One of research problems solved in the SWPL-1 system was the issue of ensuring 

reliability of indications in the scope of the measured flight and navigation 

parameters and signals concerning failures and warnings [2]. Due to the fact that 

analogue instruments installed onboard Mi-17 helicopter belong to the group of 

basic instruments, thus the SWPL-1 digital system indications in the scope of 

chosen flight parameters should be the same as of analog instruments. One of the 

parameters that required correction in the SWPL-1 system was the vertical speed 

which, onboard Mi-17 helicopter, is measured and shown by the WR-10MK 

variometer [3]. Due to significant delays of the variometer’s indications in dynamic 

states, digital channels’ indications have been adjusted to indications of the 

diaphragm variometer (as the primary instrument). A control and measurement 

station has been built at AFIT for this purpose (Fig. 5), which is used to determine 

dynamic properties of digital and analog channels on the basis of indications of the 

SWPL-1 system and WR-10MK variometer.  

 

 
 

Fig. 5 Test bench used to determine dynamic properties of the WR-10MK 

diaphragm variometer and the ADU-3000 air data computer 
 

Studies carried out at AFIT have shown that dynamic properties of the  

WR-10MK diaphragm variometer may be approximated by the use of the transfer 

function of the first order inertia element with coefficients depending on the flight 

altitude. Therefore, entering corrections of data in the SWPL-1 system on the basis 

of the transfer function in form of the first order inertia element enabled to receive 

indications of the SWPL-1 system, which were similar to the diaphragm 

variometer’s indications [1]. 
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The problem with ensuring conformity of the diaphragm variometer’s indications 

with digital system indications can be solved through the use of non-linear 

algorithms [9] reflecting physical phenomena occurring in the diaphragm 

variometr, but this requires sufficient reserves of computing power in the computer 

performing the procedure of matching the indications. Alternatively, it is possible 

to introduce a linearized model of the variometer [1], which takes into account the 

change of the replacement value of the time constant and the replacement statistical 

amplification on an ongoing basis (i.a. depending on the flight altitude).  

5. Summary 

The SWPL-1 helmet mounted flight parameters display system developed at AFIT 

with a digital flight and navigation information processing system is primarily 

intended for Mi-17 helicopters, but it can also be implemented on other types of 

aircraft (including Mi-24 helicopters and PZL-130 Orlik planes). The experience 

gained during construction of the SWPL-1 system has shown that it is possible to 

develop such a system both for new aircraft (with new avionics) and adapt it to 

existing equipment (analog avionics). In both cases it is however important to 

maintain the same indications for information received from different sources 

(analog and digital), which define the same flight or navigation parameter, due to 

characteristics of the pilot’s perception. Maintaining this condition gives the pilot a 

sense of trust in the system and causes that the information read by the pilot is 

reliable for him. Therefore the methods ensuring the reliability of the information 

displayed within it, which are proposed by AFIT, are based on the analysis of 

transmission properties of the measurement channels of various sources of flight 

and navigation information.  

The algorithms of the SWPL-1 system’s technical condition control developed at 

AFIT and implemented in the KG-1 graphic computer enable to detect emergencies 

or failures in both the helmet mounted display system itself and elements 

controlled by it. This is the basis of computer aided diagnosis of technical 

condition of onboard devices and installations cooperating with the SWPL-1 

system, which have a direct impact on flight safety. 
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