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Abstract: Range-based measuring sub-systems have been presented in the paper. Integration of 
these sub-systems provides capabilities to assess effectiveness of air weapons used in the air force’s 
practice ground.  

 
 
1. Introduction 
 

Evaluation of results of combat applications is only one of many components of the 
assessment of aeronautical systems. Evaluation of the accuracy of using a specific kind of 
air armament, expressed with co-ordinates of points of hit of air weapons (i.e. the so-
called ‘combat-applications assessment’) is one of the essential measures of the 
effectiveness of aeronautical systems. 

From the standpoint of range-based activities, any aeronautical system consists of the 
following components: 

− an aircraft, 
− air armament, 
− attack avionics, 
− a pilot-operator, 
− a command-and-guidance sub-system. 

The term ’combat application of a military aircraft’ means aircraft’s capability to perform 
combat missions. Any military aircraft is usually furnished with some kind of a weapon 
system. According to the NO-10-A006.2000 standard “Air armament. Classification, 
operation, tests. Terminology”, the following types are distinguished: gun armament, 
rocket weapons, and bombs. Hence, while mentioning the term ‘combat applications’, one 
should take account of the following tasks: 

− bombardment, 
− launching unguided/guided missiles, and 
− firing machine guns and aircraft cannons. 

The objective of the above-mentioned activities is to suppress or destroy specific target(s).  
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The capability to make use of weapon systems is a measure of the pilot’s skill. Therefore, 
a problem arises of how to assess the effectiveness of performing a combat mission. The 
assessment of the possibility of damaging/destroying the target is a final effect. However, 
the assessment of any combat application should be approached in a complex way, i.e. 
should take account of what follows: 

− quality of performing the manoeuvre and process  of aiming, 
− keeping up to the initial conditions of the weapons engagement, 
− accuracy of engaging the weapons.  

The following aspects should be taken into consideration while analysing the process of 
attacking a ground target with air weapons engaged, in the course of training and test 
flights: 

− the way the pilot behaves, i.e. whether the manoeuvre and the aiming have 
been performed correctly, 

− the knowledge of ballistic characteristics of a given weapon, 
− the knowledge of characteristics of how the weapon’s warhead affects the 

target, 
− knowing the weapon’s point  of impact. 

The Institute carries out tests of air weapons and air armament systems at the following 
stages: 

− research and development: the testing of models and prototypes, 
− implementation: military-specific and service tests of a pre-production batch, 
− manufacture: acceptance tests of production batches, 
− operational  use: immediate expert opinions effected by the need to solve 

actual operating problems, and 
− post-warranty period: extension of  service life, or disposal.  

Having upgraded infrastructure of the firing range, the Institute has provided capabilities 
of broadly understood objective monitoring of air weapons effectiveness within training 
tasks and/or experimental work.  

Giving instruction and training to the troops is the most essential task of the armed forces 
in time of peace. It’s a long-lasting and most expensive process. Any support of the job 
with measuring systems could considerably contribute to the training effectiveness and 
cost minimisation. The idea proved to be a reason good enough for building, by the 
ITWL’s research team, a range-based system to support combat training of pilots.  

The primary objective of the system is to enable assessment of effects of applying air 
weapons in the military aviation’s practice ground. Some pre-set criteria are applied. This 
ensures objective assessment of accomplishment of the combat task. Therefore, while the 
pilot is flying their mission over the range, recorded are signals measured by sensors 
included in specific sub-systems. Technical data/parameters of individual subsystems 
have been matched in such a way as to record points of hit of air weapons in use.  
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The whole system to assess effects of using the air weapons comprises the following 
components: 
− range-based measuring subsystems: 

a) micro-seismic hit recorder, 
b) ground-based acoustic hit recorder, 
c) ground-based recorder of laser-beam hits (laser  target), 
d) ground-based inertial hit recorder, 
e) observation-dedicated subsystem, 
f) one to collect and visualise data; 

− airborne measuring subsystems: 
a) flight recorders, 
b) a subsystem to record the process of weapons aiming, 
c) externally carried recording-system pod; 

− subsystems of support: 
a) an on-ground test stand, 
b) a digital map of  the range - used to display measurements, 
c) the Doppler radar DR-5000 to find ballistic characteristics of the air weapons.  

Integration of the range-based measuring subsystems made information/data flow 
possible, according to Fig. 1 that illustrates the architecture of the whole system. 

Each of the subsystems mentioned is composed - physically and functionally - of two 
essential portions: the sensing and the recording ones, i.e. the transmitting and the 
receiving ones, located in the working area of the range and in the Range Control Station 
(SKP), respectively. Information acquired in the receiving portions of individual 
subsystems is collected and visualised in the user-friendly form in the integrated system’s 
application “Tarcza2.exe”.  

This application has been implemented in the master (superior-level) computer of the 
SKP. Visualisation is a real-time experience in case of laser and inertial subsystems, and 
near-to-real-time experience in case of seismic and acoustic subsystems. Then, the 
information is automatically sent to the database (application “Archiwum.exe”), where it 
is joined with data on current air raids that have effected the hits. This data is loaded by 
the operator in real time, then filed in the database to be rendered accessible in the future 
via the Internet (Intranet) to the organisations obliged to give their assessment (e.g. the Air 
Force Command, air bases, etc.). 
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Fig. 1. An integrated range-based system 

 
 
2. Measuring subsystems 
 
2.1 Micro-seismic measuring subsystems 
 
The micro-seismic measuring subsystem has been designed for taking measurements of 
co-ordinates of points of hit of air weapons. The in the real time obtained measurements 
showing error of <5 m are transmitted to the Range Control Station (SKP). This 
subsystem consists of: 

− the measuring portion - electrodynamic sensors (geophones) with transmitters. 
These components are built into the wells around the working area of the 
range; 

− the recording portion (Fig. 2) - an 8-channel recorder that includes the 
transmission-receiving units, and digital-recording assemblies. These modules 
are located in the Range Control Station (SKP) together with a computer.  

 
The idea of the system’s operation has been based on the seismic phenomenon, which 
occurs at the moment the air weapon hits the ground. With seismic waves recorded and 
analysed, co-ordinates of points of hit (within some delimited and furnished with sensors 
area that includes likely ground targets) can be found. The effect of a hit (Fig. 3) is both 
visualised on the display screen and loaded into the database. 
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Fig. 2. The recording portion of the 
system  

Fig. 3. Visualisation of results 
 

 
2.2 Ground-based acoustic hit recorder 
 
The ground-based acoustic hit recorder has been intended to record the gun-fired 
projectile’s passing by within some pre-programmed, monitored area of taking the 
records. The sub-system consists of two portions, i.e. the measuring portion and the 
analyse-display portion (Fig. 4).  
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Fig. 4. Ground-based acoustic hit recorder – a diagram 

 

  
 

 Fig. 5. Acoustic sensors as arranged within the working area of the range 
 

What underlies the design of the acoustic hit recorder (Fig. 5) is an acoustic wave 
generated while a projectile is passing by through the ambient air. The acoustic wave 
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initiates electrical pulses in microphones, of parameters that keep varying depending on 
both the distance from the projectile’s trajectory and direction. The in the microphones 
induced signals are transmitted to the preliminary-analysis unit (UWA), where 
information on maximum values of pulses is worked out; also, defined is the measuring 
section, where the signals have been induced. Then, signals from some measuring sections 
selected for the assessment are compared. Parameters found in this way are transmitted to 
the transmitting-receiving unit, where the transmitter is adjusted. Results are radio 
transmitted to the analyse-display portion. The received digital signal becomes re-sent to 
the measuring portion. The in this way accomplished transmission with 
“acknowledgement” facilitates minimisation of communication errors. Trans-mission of 
subsequent data takes place after correct transmission and acknowledgement of the 
foregoing data. Information on the number of hits and recorded (with target missed) 
projectiles is both displayed on the screen in the Range Control Station (SKP) and stored 
in the database. 
 
2.3 Ground-based recorder of laser-beam hits 
 
The ground-based recorder of hits with laser-beam emitted by aircraft/carrier featured 
with laser target-illumination capability, has been intended to record the laser-beam trace 
upon the target and to show the hit in the Range Control Station (SKP). The recorder 
comprises the following components: 

− the set of laser sensors (Fig. 6), 
− the coding-transmitting unit (transmission-dedicated section), 
− the decoding-recording unit (receiving-dedicated section). 

The subsystem is used while simulating launches of laser-homing air-to-ground missiles. 
The following pieces of information result from this system being operated: time of target 
illumination, accuracy of aiming, correctness of adjusting in practice the navigation-and-
attack system of the aircraft, and other ones. 

 

 
Fig. 6. The arrangement of laser sensors Fig. 7. The laser target (the cross) on the 

runway 
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2.4 Ground-based inertial hit recorder 
 
The ground-based inertial hit recorder is used to record immediate hits at a 3D (three-
dimensional) or 2D (two-dimensional) ground target. At the very moment of hitting the 
target, an inertial sensor converts the induced vibration into electric pulses. These signals 
are transmitted within the transmitting-receiving unit, with suitable modules of the 
coder/decoder engaged. The decoded signals are visualised in real time, in the forms of 
both a diode blinking on the decoder, and a point on the computer screen. This data is 
stored in the database.  
The ground-based inertial hit recorder includes the following sub-assemblies: 
- the set of accelerometers (Fig. 9), 
- the coding-transmitting unit (the transmitting section) (Fig. 8), 
- the decoding-recording unit (the receiving section). 
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Fig. 8. A block diagram of the coding-
transmitting unit 

Fig. 9. An accelerometer with a connection 
cord 

 
2.5 Observation-dedicated subsystem 
 

The observation-dedicated subsystem has been designed for the monitoring and recording 
of what is going on in the working area of the range, in some selected zones of the range, 
and in the airspace over the working area of the range and the nearest neighbourhood of 
the range. 
 
The subsystem comprises: the IR camera (Fig. 10), the video camera, the wireless signal 
transmission unit, and the display/filing unit (Fig. 11) to visualise and store data on what 
is going on within the range. The tracking of objects flying within the range is carried out 
automatically, since both the cameras are located on the automatic-tracking basis (the so-
called ‘auto-tracker’).  
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Fig. 10. The IR (left) and video (right) cameras in the Range Control Station (SKP) - side 
and oblique views 
 

  
Fig. 11. The IR and video images of aircraft flying their combat missions over the range 
 
 
2.6 A subsystem for data collecting and display 
 
The primary objective of the part of the system located in the Range Control Station 
(SKP) is to present/display the situation on the range, with account taken of locations of 
targets and effects of pilot’s actions over the range due to having used some selected air 
weapon. Another objective is to collect, store, and process measurements taken (Fig. 12). 
The system provides capability to reproduce the course of an exercise after it has been 
completed, which means reading out measurements taken with all the measuring systems. 
What is planned for the future to further develop the system is capability to carry out 
statistical analyses of data, and the real-time distribution of the selected information 
among other organisations of different levels, e.g. the Air Force Command, air squadrons, 
the air corps, ITWL - the Air Force Institute of Technology (Fig. 14). On the grounds of 
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data stored within the system, one can assess the whole process of training a pilot/of 
gaining skill(s) by the pilot. The system is operated by the operator in close collaboration 
with the range’s air traffic controller (Figs 13 and 15).  
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Fig. 12, Data/information flow within the range’s measuring system 
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Fig. 13. Work station for the system’s 
operator/the range controller 

Fig. 14. Data-transmission model network 
 

 

3. Systems of support 
 

3.1 The externally carried recording-system pod 
 

The externally carried recording-system pod (LZR) (Fig. 16) has been intended: 
 

− to record – with video cameras (Fig. 17) - the whole process of the air-weapon 
release and separation from the aircraft, 
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− to record initial trajectory of the air weapon - with a fast (multi-speed cine-
camera (Fig. 18), 

− to record radio communication by the pilot - with the airborne-radio receiver 
coupled with video recorders,  

− to  emit the ‘bomb release’ signal to trigger the Doppler radar DR-5000, and 
− to provide real-time image transmissions to the Range Control Station (SKP). 

 

 
Fig. 15 The system operation as displayed on work stations of the system’s operator/range 
controller 
 
 

  
Fig. 16. Externally carried recording-
system pod on aircraft hardpoints 
 

Fig. 17. Video shot-after-shot sequence: 
firing the GSz-23 cannon as recorded with 
a camera mounted in the LZR 
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Fig. 18. Video shot-after-shot sequence: bomb release and separation from the carrier’s 
hardpoint 
 
3.2 Doppler radar DR-5000 
 
Ballistic characteristics of air weapons are input parameters for airborne navigation-and-
attack devices (attack avionics) that determine time of release of the weapon. 
The ballistic characteristics of air weapons can be found either analytically or 
experimentally, e.g. with a ballistic radar (Figs 19, 20).  
 

 

Fig. 19. Trajectory of a 250 kg cluster 
bomb 

Fig. 20. Radial velocities of a bomb and the 
aircraft 

 
3.3 Ground test stands – a horizontal test bench 
 
The stand provides capability to find characteristics of rocket engines of thrust ranging 
from 1,000 ÷ 150,000 N (0.1 ÷ 15 T), diameters 50 ÷ 400 mm, and total weight up to 300 
kg. The measuring equipment and accessories are built into a mobile laboratory. The 
diagrams of the measuring stand (a horizontal test bench) are shown in Figs 21 and 22. 
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Fig. 21. A rocket-engine test bench: 1 - mount, 2 - support plate, 3 - carriage unit, 4 - pre-
loading, 5 - measuring sensor, 6 - fix rail, 7 - rocket engine 
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Fig. 22. A schematic diagram of the measuring stand 

 
The test-bench efforts facilitate direct measurements of (Fig. 23): 

− variations of thrust R(t), 
− the engine’s running time ta, 
− the ignition delay taz, 
− temperature in the combustion chamber Tks. 

On the grounds of: the above-listed data, parameters that describe environmental 
conditions at the time of performing the test, mass and geometric parameters, it is possible 
to find a series of parameters that describe the engine’s health, i.e.: 

− average engine thrust Rśr, 
− total impulse Jc (Fig. 24), 
− specific impulse Ve or ie, 
− variations of pressure in the combustion chamber: pmax, pmin, 
− exhaust velocity of powder gas Ve, 
− thrust gradient. 
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Fig. 23. Variations of engine thrust of the 
unguided missile of the S-8KO type 
 

Fig. 24. The total impulse of the engine of 
the unguided missile of the S-8KO type 

 
Conclusions 
 
1. The above-presented system is operated on the Air Force range in Nadarzyce. 
2. The system has significantly improved safety of flying missions over the range.  
3. Work on the system is to be continued: development of the microseismic range-based 

system to cover the total working area of the range; also, data handling will enriched 
with statistic modules. On the one hand, this would enable thorough assessment of the 
process of training pilots, the training effectiveness, on the one hand and on the other 
hand, of the usage of air weapons and effectiveness thereof.  

4. The system is expected to support training offered to pilots by means of selecting 
optimum training methods. 

5. There is a possibility to develop (extend) the system, depending on the user’s needs 
and instructions/recommendations of the Air Force Command. 

6. Data stored in the database can be transmitted to an aircraft. Depending on the user’s 
needs, the data can be: 
− transmitted in the course of an exercise and after the exercise, 
− reported via www pages, 
− used in the course of integrating this system with other computer-based airborne 

systems, 
− used in the course of training pilots as standard situations possible to occur while 

performing tasks over the range, 
− used to investigate into optimum applications of air weapons and for the 

assessment of weapon effectiveness against some selected type of a target.  
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