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Abstract: The paper has been intended to present research/testing tools used in the Air Force Institute 
of Technology  to build integrated communication systems and test operation thereof, as far as both 
devices that compose the system and the applied software are concerned. Particular attention has 
been paid to the so-called integration station (built under the Mi-8, Mi-17, Mi-24 modernisation 
project), intended to activate communication systems integrated on the basis of digital data buses 
(MIL-1553B). Also, the mobile servicing and control set ZDZSŁ-1 to service and diagnose these 
systems has been discussed in details. Such equipment has allowed AFIT to gain the-state-of-the-art 
capabilities presented by western companies in the field of integrating new communication 
devices/systems, the already accomplished modernisation of the W-3PL helicopter 
(“Głuszec”/“Capercaillie”) and a project of such a system for the TS-11F “Iskra” (“Spark”) being 
perfect examples. Some selected tasks performed with this testing station engaged have been 
discussed. Also, problems arising while activating and testing the developed software to integrate 
communication devices/systems (including digitally controlled radio stations of the RF-5800H and 
XM-6013P types, and communication control panels of the PSŁ-1 type have been given 
consideration in the scope of the software functionality and reliability. Presented are also additional 
monitoring and measuring systems used to test this software, just to mention acoustic generators as 
well as special and navigation signals testers.  
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Streszczenie: W artykule przedstawiono narzędzia badawcze wykorzystywane w Instytucie 
Technicznym Wojsk Lotniczych do budowy i testowania pracy zintegrowanych systemów łączności w 
zakresie urządzeń i oprogramowania w nich wykorzystywanego. Szczególną uwagę poświęcono tzw. 
stanowisku integracyjnemu, przeznaczonemu do uruchamiania systemów łączności integrowanych 
na bazie cyfrowych szyn danych (MIL-1553B) oraz mobilnemu zestawowi obsługowo-kontrolnemu 
ZDZSŁ-1 przeznaczonemu do ich obsługi i diagnozowania. Posiadanie takiego stanowiska pozwoliło 
m.in. na modernizację śmigłowca W-3PL „Głuszec” oraz opracowanie projektu systemu dla 
samolotu TS-11F „Iskra”. Omówiono wybrane zadania realizowane przez zbudowane stanowisko 
oraz problemy pojawiające się podczas uruchamiania i testowania opracowywanego 
oprogramowania integrującego urządzenia łączności w zakresie jego funkcjonalności i 
niezawodności działania. Przedstawiono także dodatkowe specjalizowane urządzenia badawcze 
wykorzystywane do testowania tego oprogramowania oraz testery sygnałów specjalnych i 
nawigacyjnych. 

 

Słowa kluczowe: zintegrowane systemy łączności, narzędzia badawczo/testujące 
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1. Introduction 
 
A communication system is one of primary tools on the helicopter. The 
most essential requirements, i.e. being reliable and covert remain unchanged 
for many decades. Nowadays, it means protection of any radio transmission 
against interception and decoding of radio traffic by the enemy. A helicopter 
usually carries a crew of several people and a dedicated team (e.g. combat 
troops, a medical team, etc.); on this account the communication system on 
the helicopter is much more complicated than that on a combat aircraft. The 
system in question as the so-called intercom has to provide communication 
for the people on board, whereas the aircrew and the team commander have 
to keep up communication between the helicopter and other units, e.g. a 
command & control centre, a convoy, other helicopters, etc.  
 
Modern Western solutions in the field of airborne communications have 
been based on the computer technology. A typical communication system 
shows an analogy with a computer system, operation of which is based on a 
digital data bus that follows some accepted standard (among other ones, the 
MIL-1553B). To meet these requirements and to improve the so-called 
situational awareness of the aircrew in the field of radio communication [1], 
the integrated communication systems of the ZSŁ type have been developed 
in the ITWL (Air Force Institute of Technology). They are a computer-
based set of airborne and tactical radio stations essential to successfully 
perform and accomplish a combat mission. This is what provides the 
aircrew with communication throughout the whole flight while on board of 
a military helicopter.  
 
To control the system, specialised control panels of the PSŁ-1 type or multi-
function displays MW-1 (with internal/external radio-station/subscriber 
selecting keys) are used. A communication server that manages radio 
communication system is the main component of the integrated 
communication system for aircrews of military helicopters. The 
communication server consists of control and managing packages furnished 
with suitable software. The helicopter’s crew members control particular 
components of the integrated communication system via control panels of 
the PSŁ-1 type (or multi-function displays and radio station dedicated 
devices). 
 
The final task in the process of constructing the integrated communication 
system, prior to building it into a military helicopter, is the system 
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optimisation that allows the best solution to be found/selected from among 
the accepted propositions, one that would satisfy criteria resulting from the 
user’s requirements. What supports the process is the so-called integration 
station [2], which allows of the optimisation of the integrated 
communication system’s architecture components, organisation, and 
functions under laboratory conditions. This, in turn, enables tests of several 
solutions, the implementation of which into the helicopter solely for testing 
purposes would be difficult or too expensive.  
 
This integration station may also be used in the processes of unification and 
optimisation of functions of the software to integrate particular airborne and 
tactical radio stations. Such being the case, it is used as a monitoring and 
measuring station intended to verify the ITWL-developed draft versions of 
software for the communication systems in the areas of the organisation and 
detailed management of particular modes of operation of the integrated 
communication system. The integration station has allowed ITWL to 
integrate communication devices also while upgrading the  
W-3PL ”Głuszec” helicopter [3].  
 
2. Architecture of some selected integrated communication system 

(ZSŁ) setup used in the Armed Forces of the Republic of Poland 
 
To make Polish military helicopters (e.g. Mi-8, Mi-17, Mi-24, W-3PL) 
satisfy the needs of a modern battlefield, an integrated communication 
system of the ZSŁ type was built into these helicopters while upgrading 
them. The system was intended to provide communication between 
helicopters, ground stations, and airspace control stations. It allows the 
aircrew to select any radio station or subscriber while carrying out internal 
and external transmissions.  
 
The on-board radio communication system also protects the classified and 
unclassified traffic using frequency coding (the so-called TRANSEC) and 
speech/data encoding (the so-called COMSEC) capabilities. The range of 
frequency band was adjusted to suit the User’s needs and those of selected 
radio stations subjected to integration on board of a military helicopter. To 
determine distinctive features of such a system, analysed was the ITWL-
developed integrated communication system built into the above-mentioned 
helicopters operated by the Polish Land Forces.  
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The integrated communication system of the ZSŁ type on the Mi-8 and Mi-
17 helicopters (Fig. 1) comprises the communication server SK-1, control 
panels PSŁ-1, airborne radio stations to provide communication between the 
helicopter and the command & control centre and other aircraft, and 
VHF/HF tactical radio stations to support the Polish Land Forces and 
command and control centres at large distances from the radio station [4].  
 

SERWER KOMUNIKACYJNY
SK-1

RADIOSTACJA LOTNICZA
UHF/VHF 30-400 MHz

RADIOSTACJA TAKTYCZNA
UHF 30-88 MHz

RRC 9500-3/9311AP

RADIOSTACJA DALEKIEGO ZASI ĘGU
HF 1,6-60 MHz
RF 5800H-MP

RADIOSTACJA LOTNICZA
(REZERWOWA)

UHF/VHF 110-160/220-400 MHz

wr. 22

wr. 17

STEROWANIE ŁĄCZNOŚCIĄ
MONITORY WIELOFUNKCYJNE

 

 
 

Fig. 1. The helicopter W-3PL “Głuszec” with components of the ITWL-developed 
integrated communication system ZSŁ 

 
To control the integrated communication system on the Mi-8, Mi-17, and 
Mi-24 helicopters, pilots use control panels of the PSŁ-1 type (Fig. 2), 
which allow of the selection of a radio station and changes in the settings of 
performance parameters. The control panel PSŁ-1 includes a colour LCD 
display, with software of its own. The control-panel display shows, among 
other things, states of internal and external connections, the type of 
communication performed, and radio station performance characteristics. A 
pilot can select an internal subscriber or the radio station via the control 
panel, the connection being executed by the communication server. The 
already constructed ZSŁ system can be expanded with additional functions, 
depending on the user’s needs [5]. 
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Fig. 2 The PSŁ-1 control panel included in the ITWL-developed 

 integrated communication systems 
 
To reduce the cost of operating the ITWL-constructed integrated 
communication system, attention has been paid to the unification thereof. 
Therefore, components of the system (such as communication server, 
control panels, the radio station set) are interchangeable and can be used on 
helicopters of different types. By the way of example, the integrated 
avionics system (the so-called macro-system) has been built into the W3-PL 
helicopter; the integrated communication system is one of the components 
thereof [3]. This one is the most ‘expanded’ version of the integrated 
communication system ZSŁ built into a military helicopter operated by the 
Polish Land Forces. It comprises, among other items, the digitally controlled 
radio stations of the RRC, HARRIS, and MR6000 types; and three displays 
of the MW-1 type (for the commander, the co-pilot/operator, and the 
cargo/troop compartment commander). 
 
The W-3PL “Głuszec” cockpit (Fig. 3) is outfitted with two multifunction 
displays MW-1 that control the communication system, inform of the 
operational status of particular radio stations and whether/to what extent 
other components of the integrated avionics system remain fit for use. 
Selection of the mode of operation depends on the aircrew decision. Every 
aircrew member has their own display with a visual representation of a 
complete set of data essential to perform the mission. All the data are 
visually represented on these multi-function displays in a fully independent 
manner. 
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Fig. 3 The cockpit with components of the ITWL-developed integrated 
communication system built into the W-3PL “Głuszec” helicopter 

 

The communication server (Fig. 4) provides the on-board communication 
network with the supervisory control and management. It controls/manages 
the internal and external communication in both the aircrew- and the troops-
dedicated circuits via control panels PSŁ-1 (or multi-function displays MW-1). 
It also provides the helicopter aircrew with special signals, including the 
disconnectable navigation signals (e.g. markers) and disconnectable signals 
– warnings (of, e.g. hazardous flight altitude).  

 

 

Fig. 4 The communication server of the  ITWL-developed integrated 
communication system ZSŁ-1 built into the Mi-8, Mi-17, Mi-24,  

and W-3PL”Głuszec” helicopters 
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The integrated communication system built into the above-mentioned 
helicopters provides transmissions via airborne and tactical radio stations, 
including the selection of a suitable radio station, the subscriber, and the 
way of communication. The system constructed in this way provides 
navigation signals and warnings, both kinds essential to the aircrew during 
any flight. The system upgrade project (carried out at ITWL) has been 
aimed at providing further operational use of the helicopter fleet up to 
moment modern aircraft are introduced in service.  
 
The diagnostic of the system allows the best – from the point of view of the 
quality criterion assumed - solution to be found using the integration-
dedicated equipment/station available; the quality criterion defines, e.g. the 
range, the number of channels, maintainability, reliability, and cost of the 
system) [5]. 
 
3. Diagnostic tools for electronic of the integrated communication 

system ZSŁ 
 
The completed analyses and the experience gained throughout the 
research/testing work have facilitated the construction and development of 
the testing station at the ITWL’s Division for Avionics [2]. The station has 
been designed for the activation and optimisation of communication systems 
based on the communication server (outfitted with suitable interfaces that 
are cards for the MIL-1553B-based data exchange bus). Such testing station 
is essential to the testing of ‘applications’ under development, designed for 
operating communication system’s devices, and hence, for the integration 
thereof into one compact on-board system.   
 
The major components of the station to optimise the integrated 
communication system are the communication server built into the station, 
and airborne and tactical radio stations. Also, there is a kind of a mount with 
built-in control panels and subscribers plates to connect earphones  to check 
the whole radio communication system through (Fig. 5).  
 
Another advantage of the constructed station is its capability to test the 
integration-dedicated software and the diagnosing of particular radio 
stations of the communication system. One of the most fundamental 
advantages of the station is a capability of simulating some selected radio 
stations included in the radio communication system, of essential 
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importance when we lack a given device while developing the whole system 
integrating software. 

 

 

 
 

Fig. 5  The testing station with communication system’s components (left) and 
control items (right), constructed and developed  

at the ITWL’s Division for Avionics 
 

Furthermore, there is the M230 rugged laptop computer that  meets and 
exceeds the standards set by the military and industry  and is used to 
diagnose the communication server and radio stations included in the 
integrated communication system [5]. It allows of the feeding and testing 
software dedicated for particular radio stations and the communication 
server, and of preparing the radio communication plans (Fig. 6). 
 
In the program layer the station makes also use of the modified operating 
system Windows XP implemented into the communication server to, among 
other things, facilitate the handling of packages and interfaces of integrated 
devices.  
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Fig. 6 The apparatus measuring supervisory of type ZDZSŁ-1 in the ITWL-
developed diagnostic integrated communication systems 

 

 

4. To summarise 
 

Every old-generation helicopter with a modern communication system built 
in shows much greater operational capabilities, expanded now with 
applications which up to the present have stayed beyond the engineers’ 
reach. The multi-functionality and capability to operate in the strongly 
developing network-centric environment are such features [1]. There is no 
problem with building such a system, i.e. with purchasing the hardware 
items. What is a real challenge is the development of suitable for the 
purpose, effective and reliable software that satisfies needs and meets 
requirements to provide external and internal communication on board of 
a military helicopter. The ITWL’s Division for Avionics took the job upon 
themselves and was first in Poland to integrate the communication system 
on board of the upgraded helicopters Mi-8, Mi-17, and Mi-24 of the Polish 
Land Forces. The integrated communication system of the ZSŁ type is fully 
operational on military helicopters of the Polish Military Contingent in 
Afghanistan.  
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The in ITWL built station to optimise communication systems provides 
integration of different devices – components thereof (including radio 
stations), with digital data buses employed and following the accepted 
standards, e.g. the MIL-1553B. It affords the testing of different functions 
and formats for data exchange, processing, and visual representation; also, 
simulation of particular items of the communication system for some 
selected system architectures. It also permits the communication systems 
integration following the guidelines included in respective standards and 
ICAO and NATO rules and regulations, as well as extension thereof with 
additional functions, depending on requirements of future recipients.  
To reduce the cost of operating such systems, a high level unification of 
applied components and software has been provided. The system 
components such as control panels (or multi-function displays), the 
communication server, and stand-alone versions of radio stations are fully 
interchangeable among different types of military helicopters operated by 
the Polish Land Forces, with integrated communication systems built in. If 
(real and fully justified) need be, it is possible to shift the components from 
one helicopter type to another. Owing to having built the research/testing 
station that facilitates the optimisation and unification of the integrated 
communication systems and to the project of upgrading military helicopters 
flown in the Armed Forces of the Republic of Poland, further operational 
use thereof in the Polish military aviation has been guaranteed, with high 
level of compatibility and interoperability in the field of radio 
communication systems provided. 
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