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Abstract

The paper stresses the importance of aircraft ground handling in the Armed Forces of the Republic of Poland. The
most essential issues include high efficiency of the aircraft ground handling systems, experienced and qualified
personnel and optimum use of resources. It is increasingly more difficult to achieve such state, due to inter alia more
sophisticated and complicated equipment and its high operating costs. Thus, constant monitoring, checking and
obtaining information about the ground handling equipment centres and actual and effective use of such centres in
accordance with planned tasks becomes increasingly important. As of today, there is no remote diagnostic system of
the aircraft ground support equipment, which could provide information about its technical condition and location.
The paper presents a proposal of such a system, its basic parameters and standard windows of the computer-based
GSE diagnostic system. The basic parameters acquired from the equipment, as well as methods of recording and
saving them in the system is shown. The most important advantages, expansion potential and future prospects for the
system are indicated.
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1. Introduction

In the era of fast development of aviation technology marked by appearance of new technical
possibilities, refined designs of aircraft, modern power plant system, avionics, weapon systems
have made the aircraft servicing and keeping them airworthy a very complicated task which
directly affects the accomplishment of missions, reliability and flight safety.

Today, the standard is an efficient aircraft ground handling system based on experienced, well-
trained personnel equipped with modern devices to support this process and ensure reliable
operation of the aircraft.

During the servicing, the aircraft ground support equipment (GSE) is in most cases connected
directly to the airframe systems and installations such as electrical and electronic system,
hydraulics, air, oxygen and nitrogen installations. Consequently, these devices must be of high
quality and reliability, commensurate with the quality of integral systems installed on the aircraft.

In comparison with the civil aviation, the logistics in the military aircraft operation system is
a much broader process, resulting from fulfilment of combat missions. The services performed in
the military system have to ensure the operational requirements, airworthiness and readiness of the
aircraft in the global system of national security.
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Currently, the Polish Airforce has a variety of aircraft, which entails the need to obtain
specialist equipment for ground handling. Servicing planes of various types and use, helicopters or
pilotless aircraft purchased from various Polish and foreign suppliers are a complicated process,
which requires support by means of different modern devices.

A very important aspect in the handling system is to create an adequate, comprehensive
system, which on the basis of acquired information will efficiently carry out tasks resulting from
the aforementioned needs. One of the most important elements of such system are technical
resources ensuring operation of a combat aircraft which can be divided into aircraft ground support
resources (GSE) and airfield-hangar resources.

Constant monitoring, checking and acquiring information about the ground handling resources
ensure their relatively optimal use according to the planned tasks.

In order to acquire such information it is necessary to build a central remote GSE diagnostic
system to collect diagnostic data, which include not only monitoring of current operating
parameters but also the failure codes and current location of equipment.

The users of GSE operated in the Polish Armed Forces do not have such possibility now — the
equipment is monitored ,,manually”. The statistics, e.g. number of person-hours used, fuel
consumption, etc., necessary for planning of materiel resources, technical maintenance or the
analysis of failures, are very time-consuming and sometimes difficult to generate.

Such a system is also very important during aircraft combat missions abroad, e.g. peacekeeping
missions. Monitoring of the GSE redeployed to service aircraft in other parts of the world from the
Poland-based centre will be of considerable importance.

2. GSE remote diagnostic system

In an attempt to these problems, the only GSE manufacturer in Poland — WCBKT S.A. —
Central Military Bureau of Design and Technology — developed a concept of the model and
launched the test version of the Remote Diagnostic System for the GSE of their manufacture. The
system was tested on the TAURUS Ground Power Unit dedicated to handling civilian aircraft at
the Warsaw Chopin Airport.

Generally, the GSE Remote Diagnostic System collects the diagnostic data from the GSE. The
data are used for current analysis of functioning of the monitored equipment. It is the main task of
the system — for analysis of equipment operation. The collected data are also used to generate
statistics, such as number of man hours used, fuel consumption, technical condition of the
equipment, etc., using standard statistical and probabilistic relationships. The determination of
technical condition of a facility (equipment) requires that the following rule of inference be
applied:

Vie (1,2,...,71) WS = {xi,%} e WT = Facilityinoder , (D)
where:
n  — number of analysed parameters,
WS — vector of technical condition of the equipment,
xi — ith equipment diagnostic parameter,

WT — technical condition specified by the Manufacturer.
Therefore, the main task of the current version of the system is to collect diagnostic data from
all RSE items connected to it.
The users of the GSE Remote Diagnostic System:
— Administrator status users: system developer with access to all elements of the system,
— Standard status users: limited authorization for system administration which involves adding
new equipment, adding user accounts, logging to the system database, or performing the
programming works,
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— External status users: future option.

The security model for system access from a computer network is based on standard security
mechanisms, i.e. unique login and password for each system user and the mechanism, which
makes access, by users to the specific system resources dependable on the type of their account.

The data acquired by the GSE Remote Diagnostic System are directly related to the features of
the equipment. For this purpose, a measurement system with a dedicated communication protocol
was installed and programmed on the equipment, allowing transmitting chosen equipment
operation parameters, depending on the intended use of a given equipment.

The GSE Remote Diagnostic System acquires the following data from the equipment:

— Measured parameters: current operational parameters, e.g. output voltage, fuel consumption,
equipment information, engine type, software version, etc. Currently, it is from 20 to about

40 parameters, depending on the model (see Fig. 1). The data are acquired from the database at

3-second intervals,

CENTRAL MILITARY BUREAU
OF DESIGN AND TECHNOLOGY

DEVICE LIST == | LUzESSIN @ W BASICDATA  CURRENT PARAMETERS EVENT LOG LOG FILES STATISTICS

MILITARY DEVICES /45 | | Device does not work

2 LUZES 5/N Gdynia Device parameters - engine
Engine speed: 0.0 RPM
Fuel level: 0.01
@ LUZES 5N Dariowek Oil pressure: 0.0 bar

@ LUZES 5/N Malbork

Fluid temperature: 0.0 °C
@ LUZES 5IN Ustka
Battery voltage: 0.0 V

0 LUZES 5N Deblin Instantaneous combustion: 0.0 |

g LUZES 5/N Radom Number of hours: 0.0 working hours
Device parameters - energy
Voltage AC - phase A (left side): 0.0V
CYVIL DEVICES v | | Voltage AC - phase B (left side): 0.0 V

@ LUZES 5/N Lask

TEST POSITION - Voltage AC - phase C (left side): 0.0V
Voltage AC - 1x115 (left side): 0.0 V

Electric current AC - phase A (left side): 0.0 A
Electric current AC - phase B (left side): 0.0 A
Electric current AC - phase C (left side): 0.0 A
Electric current AC - 1x115 (left side): 0.0 A
Frequency AC (left side): 0.0 Hz

Voltage AC - phase A (right side): 0.0 V
Voltage AC - phase B (right side): 0.0 V
Voltage AC - phase C (right side): 0.0 V

LOG OUT X Voltage AC - 1x115 (right side): 0.0 V

Fig. 1. Window — measured parameters

— Event Log: This is a summary report from the equipment operation generated on the user’s
request. After being transmitted, the generated report is saved in the GSE database and made
available to the user via WWW. The system acquires the log in the UDT format, then converts
it to the Excel format and saves in the database (Fig. 2),

— Log files: These are cumulated data in the form of files, acquired cyclically from the
equipment and then saved on the GSE Diagnostics Server. The data are acquired in the UDT
format, then converted to the CSV format (Fig. 3),

— RSE location: The system collects the data from the GSM module located in the
communication module. Last 10 saved equipment locations are shown on the map (Fig. 4).
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% GSE REMOTE £ CENTRAL MILITARY BUREAU
< DIAGNOSTIC SYSTEM @ OF DESIGN AND TECHNOLOGY

DEVICE LIST =P | | UZES 5N BASICDATA  CURRENT PARAMETERS LOG FILES STATISTICS

MILITARY DEVICES

FAN Send a request to prepare Event Log...
() LUZES 5N Gdynia List of downloaded event logs from the device
@ LUZES 5N Malbork 1.01_10_15.UDT : Download in format UDT / View in Excell
2,02 : Download in format UDT / View in Excell
3.06_
4.17_ : Download in format UDT / View in Excell
5.21
6.22
7.23
8.2
9.
A4

0 LUZES 5/N Dartowek : Download in format UDT / View in Excell

09 15 UDT : Download in format UDT / View in Excell
_09_15.UDT : Download in format UDT / View in Excell
_09_15.UDT : Download in format UDT / View in Excell

'4_09_15.UDT : Download in format UDT / View in Excell
30_09_15.UDT : Download in format UDT / View in Excell

@ LUZES 5N Ustka
@ LUZES 5/N Deblin
@ LUZES 5/N Radom

@ LUZES 5IN task List of the last 250 entries in the device event log:

CYVIL DEVICES Date Description of the event

v 2015-07-17 15:43 System startup

2015-07-17 15:43 | Rectifier - exceeding V1
2015-07-17 15:43 | Rectifier - reverse current
2015-07-17 14:13 | Rectifier 2 - no communication CAN
2015-07-17 14:13‘ Engine - no communication CAN
2015-07-16 18:14  Boot the system

2015-07-16 18:14 | Rectifier - exceeding V1
2015-07-16 18:14 | Rectifier - exceeding V2
2015-07-16 18:14 | Rectifier - reverse current
2015-07-03 10:17  Engine - no communication CAN
2015-07-02 16:28 Boot the system

TEST POSITION

LOG OUT

Fig. 2. Window — event log

GSE REMOTE CENTRAL MILITARY BUREAU
DIAGNOSTIC SYSTEM OF DESIGN AND TECHNOLOGY

DEVICE LIST == | | UZES 5/N » BASIC DATA CURRENT PARAMETERS EVENT LOG STATISTICS

MILITARY DEVICES List of LUZES 5/ N log files. IP address of the device: 5.185,123.3

( i 101, 01_09.15 UDT: Download and send
() LUZES SN Gdynia 02.02_09.15 UDT: Download and send

15 UDT: Download and send
© LUZES 5N Malbork \04.0310.15 UDT: Download and send
105,04_10.15 UDT: Download and send
O LUZES 5/N Darlowek 106. 04_10.15 UDT: Download and send
07.06_10.15 UDT: Download and send
0 LUZES 5/N Ustka 08.07_10.15 UDT: Download and send
109.09_10.15 UDT: Download and send

© LUZES 5N Deblin 11.10_10.15 UDT: Download and send

12.11_10.15 UDT: Download and send
@ LUZES 5N Radom 113.12_10.15 UDT: Download and send|
14,13_10.15 UDT: Download and send
@ LUZES 5IN task 15.14_10.15 UDT: Download and send
16.15_10.15 UDT: Download and send
— 17.16_10.15 UDT: Download and send
CYVIL DEVICES 18.17_10.45 UDT: Download and send

21.20_10.15 UDT: Download and send
|22.21_10.15 UDT: Download and send
23,22 1015 UDT: Download and send
24,23 10.15 UDT. Download and send
25.24 10.15 UDT: Download and send
26.25_10.15 UDT: Download and send
27.26_10.15 UDT: Download and send
28.27_10.15 UDT: Download and send

.15 UDT: Downl nd send
30.29_10.15 UDT: Download and send
131.30_10.15 UDT: Download and send
32.02_11.15 UDT: Download and send
33.03_11.15 UDT: Download and send
34.04_11.15 UDT: Download and send
35.05_11.15 UDT: Download and send
LOG OUT 36.06_11.15 UDT: Download and send

Fig. 3. Window — log files
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OF DESIGN AND TECHNOLOGY

%3 DIAGNOSTIC SYSTEM

7
AN

GSE REMOTE @ CENTRAL MILITARY BUREAU

DEVICE LIST === | UZES 5/N 1 CURRENT PARAMETERS EVENT LOG LOG FILES STATISTICS

Basic data

IP Adress 4,185.123.3

Device type LUZES 5/N

@ LUZES 5N Malbork Serial number of the device 1.23

@ LUZES 5IN Dartowek Controller type Unitronics V570
Software version v.3.242

Type internal combustion engine Dritz BPO-4M1013CC
@ LUZES 5/N Deblin Rectifier type Madrom ZLDCC100
@ LUZES 5/N Radom Device status No data/Device is off

MILITARY DEVICES a
() LUZES 5/N Gdynia

@ LUZES 5/N Ustka

@ LUZES 5/N task

CYVIL DEVICES v Photo of the device Device location
TEST POSITION

b
[a] Kleszeztwka

@City Hall

Air High School
named F. Zwirki

Polish Air Force Academy
Aeroclub Orlgt

LOG OUT

Fig. 4. Equipment information window with map presenting last 10 locations

Each GSE connected to the Remote Diagnostic System has the following set of modules
(Fig. 5).

Single GSE

MEASUREMENT
SYSTEM

CONTROLLER

COMMUNICATION
MODULE

Fig. 5. Block diagram of the system on a single GSE

— Measurement systems — collect chosen equipment operating parameters;
— Equipment controller — a modified controller with added function of data acquisition and
transmission

— Communication module — used to transmit the collected and acquired data to the GSE Remote
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Diagnostic System Server (Fig. 6).

Monitored GSE
Controller
GPS antenna Multi-router GPS antenna
INTERNET

WCBKT S.A.
GSE Remote Diagnostyk System Server server room

WEB_GSE
application

Database server LAN Firewall

GSE server
WEB_NOSP

INTERNET (VPN)
WCBKT S.A. LAN

Computer Smartphone Tablet
Client Client Client
application application application

Fig. 6. Block diagram of system elements for a single GSE

The GSE Remote Diagnostic System Server allows simultaneous communication with many
equipment items. The server comprises the following modules (Fig. 7):
— database — collects and stores all data and files acquired from the equipment items. The
Microsoft’s SQL Server was chosen as the database server (Fig. 8),
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— GSE server — an application that acquires data and saves them in the database. The application
can run as a system service or in the view mode showing actions currently performed by the
server,

— WEB_GSE - a WWW client allowing access to the data by the GSE System users (data
presentation).

GSE Remote Diagnostic System Server

Database

GSE Server WWW client

Fig. 7. Block diagram of the GSE Remote Diagnostic System Server

& B 17220050 (9L Server 11.0.5343 - RADMIN)
= [ Databases tab loumal
@ [ Systemn Databases i 'L
= W nesp OATE DATA
& [ Database Diagrams » ®
=3 dbo.DIAGRAM_UZYTKOWNIKOW _SYSTEMU_NOSP T0_DAVER DAOWS
& 3 Tables HLE_PATH DATAL
& (3 System Tables DESTMATION_NAME Ty
@ O FileTables DATAZ
@ O dbo.tab_device_joumal_files
@ O dbo.tab_device_list DATAY
@ 3 dbo.tab_event_logs tab list OATAS
@ 3 dbotab_gps_data 5o DATAE
@ O dbotab_groups 10 DRCE DATAZ
@ O dbo.tab_journal_data 10.0RVER DATAS
@ 0 doo.tab_journal_data_new DECE_HAME - bind
@ 3 dbo.tab_joumnal_temp I0.CWNER aps. OATAIO
@ 3 dbotab_modbus_data STATCJP hhw — o
@ T dboitab_owners 0w tab _journal new e
L OuteTime
& O3 Views DANE3
DESCRPTION TCTIME atite
@ 3 Smonyms ORVELIGNE DANES
@ [ Programmmability DAMES
! TMG_SOUCE JOURMAL MAME LatiticeDec
@ [ Service Broker . OANES
@ [ Sorage Cou ARMALRLE LonghudeDe: o
3 DEVCE TYFE
@ [0 Security ANE
@ B3 Securty DEVICE_MUMBER e
@ O3 Server Objects
DAMEID
@ [ Replication
@ [ Management

Fig. 8. Diagram with database tables of the GSE Remote Diagnostic System

As a result of using the state-of-the art solutions, the system allows operation of many
equipment items and access by many users (Fig. 9). The system was tested on three emulated
TAURUS GPU’s, three emulated LUZES V/N’s, emulator of the PORTOS equipment, and the
data collected from the GPU TAURUS manufactured by WCBKT S.A.
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5 i k

GSE GSE GSE
system user system user system user

GSE Remote

Diagnostics Serwer

Equipment Equipment Equipment
GSE GSE GSE

Fig. 9. Block diagram of the GSE Remote Diagnostic System

The current system capacity, with available electronics and internet connection, is up to
maximum 20 GSE items. This number can be successively increased, by means of replacing the
current computer hardware with hardware featuring better performance. Currently, the system can
be used by 50 people simultaneously. This capacity also depends on the performance of the server
on which the system runs.

3. Conclusions

It should be explicitly stated that the system passed the tests successfully which fully verified
the assumptions. Of course, the system needs to be improved and supplemented, but it was
confirmed that the concept of using the system in the operation and planning process is a step in
the right direction.

The system can find a wide application in Polish Armed Forces, mainly as a support of central
supervision of all GSE items used in the Airforce. Similarly, to many other support systems, the
aircraft handling support system can significantly improve the logistic processes implemented by
relevant technical services.
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