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Abstract—The aviation industry represents an ever-expanding 
economy and the aircraft market forecast reveals an optimistic 
growth for the coming decades. New requirements and guidelines 
call for a more efficient, reliable, and environment friendly 
aircraft operations during both airborne and ground phases. 
Considering on-ground operations, the electric taxiing is one of the 
suggested solutions for reducing the emissions and the acoustic 
noise in the airport, and for lowering the fuel consumption and the 
flight costs. This paper provides an overview of the most important 
existing electric taxiing systems and also presents the basic 
concepts related to it. Finally, detailed comparison of the different 
systems is given with recommendations for the future research. 
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I. INTRODUCTION 

The aerospace industry is currently one of the fastest 
growing economies in the world and the need for air travel will 
notably increase in the coming years. This trend is due to the 
numerous factors such as growth of the regional/national gross 
domestic product, liberalization policies and tourism [1]. 
Approximately 3.7 billion passengers were carried by air in 
2016, and considering that passenger traffic doubles every 15 
years, it is apparent that current fleets will not be able to handle 
this demand. According to the Airbus Global Market Forecast 
[2], 34,170 new aircraft are estimated to be manufactured by 
2036. In addition to the aircraft that will stay in service, a total 
of 42,530 passenger aircraft have been estimated to be flying in 
2036. Consequently, the fuel consumption and CO2 emissions 
of the aerospace industry will dramatically rise [3]. The 
European Commission (EC) has recognized the challenges that 
this growth will cause and thus the “Flight Path 2050” strategy 
was signed in 2017 [4]. Besides the challenges in safety and 
security area, infrastructures, operations etc. this document also 
aims to mitigate the impact of the air traffic on the environment 
by agreeing on targets, such as 1) 70% reduction of CO2 2) 90% 
reduction of NOx (compared to 2000 levels) and 3) minimization 
of noise.  

In accordance with these targets, aircraft manufacturers are 
developing ever more fuel efficient and environmentally 
friendly aircraft to alleviate pollution concerns and to comply 
with the goals of the 2050 strategy. The conventional aircraft 
depends on four main power systems: hydraulics, pneumatics, 
mechanical and electrical power [5]. Hydraulics is used for the 
majority of actuation functions. Pneumatics is associated with 
the system of pressurization, de-icing and air conditioning, 
whereas electrical power is used for avionics and utility 
functions. The recent push towards the more electric aircraft 
(MEA) concept is leading to replace these traditional systems 

with electrical ones [3]. It is anticipated that MEA and, in the 
future, all-electric aircraft (AEA) technologies can decrease the 
weight of aircraft by 10% and fuel consumption by 9% [6]. The 
Boeing 787 Dreamliner is probably the best example of MEA 
initiative. Indeed, its electrical loads require almost 1000 kVA 
compared to the 300 kVA of a more conventional Airbus A320 
[7]. Taking into consideration different number of maximum 
passengers on-board, a 72% increase in terms of power per 
passenger is registered (2.78 kVA per passenger for B787 and 
1.61 kVA per passenger for A320).  

Historically, any effort related to efficiency improvement 
has mainly focused on the airborne phase, but due to the 
increasing restrictions, nowadays the ground phase of the flight 
mission (i.e. taxiing) is also being addressed. According to the 
International Civil Aerospace Organisation (ICAO), taxiing is 
the phase of flight in which movement of an aircraft under its 
own power occurs on the surface of an aerodrome, excluding 
take-off and landing [8]. Taxiing can be divided into taxi-out and 
taxi-in. Taxi-out is part of the taxiing from the parking position 
until the moment of take-off. Taxi-out phase is preceded by the 
aircraft push-back. Since main jet engines cannot provide 
reverse thrust, additional tractors and tugs are required to move 
the aircraft backwards. When aircraft reaches the border to the 
manoeuvring it is handed to the ground controller which guides 
it to its assigned runway. During taxiing, the aircraft engines are 
set to idle mode. Similarly, taxi-in is defined as the phase which 
begins upon exiting the landing runway and terminates upon 
arrival at the gate, ramp, apron, or parking area, when the aircraft 
ceases to move under its own power [8]. Since engines are 
optimised for cruising speed, they are highly inefficient when 
used in idle mode and therefore taxiing is addressed as one of 
the biggest contributors to the pollution and noise at the airports. 
More than 56% of the total NOx generation in 2002 at Heathrow 
airport was from taxiing phase [9]. Also, since tractors and tugs 
are required to push-back the aircraft, the taxiing procedure is 
slowed down and most importantly this feature reduces the 
autonomy of any single aircraft. Another factor to consider is 
that taxi-out time can be quite high, especially at busy airports 
like Schiphol (AMS) and Heathrow (LHR), which can reach up 
to 1h.  

In addition to the already mentioned 2050 requirements, also 
all taxiing procedures are required to be carbon neutral by 2050. 
Several solutions have been proposed as alternative to the 
conventional taxiing and some of them were investigated in 
[10]. They can be categorized into operational and technological 
solutions [11]. While operational solutions (such as single 
engine taxiing) still require engines for the ground movement, 
the so-called technological solutions focus on engineless 
taxiing. In turn, these can be grouped into 1) on-board and 2) 
external advanced ground propulsion solutions (AGPS). In this 
paper, the terms engineless and electric taxiing will be used This work is funded by the INNOVATIVE doctoral programme. The 
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interchangeably since both on-board and external systems use 
electric energy at one point of the energy conversion stage, as it 
will be seen.  

Initial studies have shown that in general, electric taxiing 
system implementation can lead to potential fuel savings, 
emissions, cost etc. In [9], fuel savings with on-board solutions 
have been investigated. It is highlighted that the potential fuel 
savings depend on the type of the aircraft, total taxiing time and 
flight distance. For instance, short-haul aircraft (e.g. A320) with 
total taxiing time of 30 minutes and flight distance of 1000 
nautical miles (nm) can save 3% in blockfuel. Based on all US 
domestic flight missions in 2007 performed by A320 and B737, 
the total potential saving is estimated to be between 1.1% and 
3.9% depending on the weight of the system. In [12], studies on 
the speed limitation of electric taxiing and the ensuing delays 
were carried out. It was shown that an average speed of 10m/s 
(approximately 20knots) should not cause significant delays. In 
[13], an estimated cost saving of 250 € per cycle was determined 
in the worst case scenario of lowest possible savings and highest 
cost. Considering that one plane makes around 1000 cycles per 
year air operators can save up to 250 k€ annually per aircraft. In 
[10] fuel savings and emission reductions have been 
investigated for the various electric taxiing systems. It was found 
that maximum CO reductions are obtained with on-board 
systems, while external systems come with maximum fuel 
savings but also with the increased NOx emissions compared to 
the conventional taxiing.  

 Whether using on-board or external system, there are 
challenges and limitations associated with engineless taxiing. 
One of the major limitation of the electric taxiing is that jet 
engines before take-off must be warmed up. In the conventional 
taxiing that condition is automatically achieved, but in electric 
taxiing, the main engines are off and they have to be turned on a 
few minutes before take-off. Hence, a designated area should be 
provided where aircrafts would be able to turn on engines safely 
and warm up their engines (maybe something similar to a de-
icing platform). In addition, due to this limitation electric taxiing 
would not be beneficial in terms of taxiing time at the airports 
where this is less than 5 minutes (i.e. a typical taxiing time for 
engine warm up of A320 or B737). Before these systems come 
into service, ground control should revise and update rules and 
policies to be in accordance with the operation of electric taxiing 
systems. For example, in [14], a study on how the new taxiing 
system would affect the procedures was presented. Finally, the 
biggest obstacle is certification. As any new system to be used 
in aviation, it must go through rigorous series of tests before it 
is approved by regulatory bodies.     

In this paper, a state of the art in electric taxiing systems is 
presented. Since the first proof of concept presented in 2005, 
numerous companies have announced the development of 
various electric taxiing systems. However, many of the projects 
were discontinued later on or they haven’t updated the public in 
years about their progress. Therefore, the criteria for the 
selection of the systems under this review were the following: 
1) demonstration of successful operation of the system and 2) 
systems with publicly available up-to-date data either in terms 
of publications or companies’ descriptions and announcements 
through media. After filtering, five systems had been chosen and 
they are described in section II. In section III systems are 
thoroughly compared and advantages and disadvantages of each 

have been clearly outlined. Furthermore, in the same section, 
recommendations for the future research are given. Finally, 
section IV concludes the paper. 

II. REVIEW OF ELECTRIC TAXIING SYSTEMS 

As mentioned in Section I, electric taxiing can be divided 
into two broad categories: on-board and external systems. The 
on-board systems are entirely located in the aircraft and are 
usually based around the concept of the electrical drive 
comprising an electric motor, power converter and an electric 
energy source. The external systems use an external car-like 
vehicle to perform towing of the aircraft, such as shown in Fig. 
1 (a). This section discusses the developments of both systems.  

A. External Systems 

An example of external ground propulsion system is 
TaxiBot, a system developed by Israeli Aerospace Industries. 
TaxiBot is a semi-autonomous hybrid electric tractor, shown in 
Fig. 1.b, designed to tow the aircraft during all taxiing procedure 
(push-back, taxi-out and taxi-in).  The powertrain of this tractor 
consists of two diesel engines each driving a separate electric 
generator which supplies 8 electric motors installed in 4 wheels. 
Maximum power to the road is 500 kW with maximum 
achievable torque of 45 kNm [15]. With these numbers, the 
tractor can reach a speed of 23 knots towing a full Boeing 737. 
It is important to emphasize that the tractor is steered by the pilot 
through the tiller as in normal taxiing, which is important feature 
because of safety, accountability and regulatory reasons [16]. 
This is possible using a unique towbarless nose landing gear 
(NLG) interface clamping mechanism mounted on a rotating 
turret platform. Sensors which are installed at the platform detect 
the steering angle of the NLG and steer all wheels of the tow 
tractor [17]. Furthermore, braking is also achieved as in 
conventional taxiing, using brake pedals that control brake 
system in the main landing gear (MLG) [16].  Although pilot 
controls most of the taxiing process, the driver is still required 
for pushback operations, for returning the vehicle after the 

 
(a) Tesla-X towing the empty Boeing 787-9 with a mass of 130,000 

kg. 

 
(b) TaxiBot at Frankfurt airport  

Fig. 1 Examples of external electric taxiing systems 



aircraft’s take-off and in case of emergency. The company offers 
two models: 1) narrow body model and 2) wide body model.  

Certification for use with the Boeing 737 has been issued by 
the European Aerospace Agency (EASA) in November 2014, 
and since then three narrow body models have been operating 
for Lufthansa LEOS (ground handling company of Lufthansa) 
at Frankfurt International airport. In May 2017, TaxiBot was 
certified by EASA for the A320 family (both ceo and neo), 
followed by the Federal Aviation Administration (FAA) 
certification for Boeing 737 family in October 2017. EASA’s 
certification is also valid for the FAA. Thus, TaxiBot is the only 
certified and commercially-operational alternative taxing 
solution up to date [18]. 

B. On-Board Systems 

As discussed earlier, a typical on-board system would 
include an electrical drive concept with an electric motor, 
power converter and an electric energy source. Several 
questions arise for each element of this system and all of them 
will be discussed and described when presenting the available 
systems. The two most important questions are a) the location 
of the driving motor and b) the source of the electrical energy. 
Regarding the location of the motor, the options are either 
integration at the NLG or at the main landing gear MLG. The 
energy required could be supplied through the auxiliary power 
unit (APU) or “more-electrically” through batteries and fuel 
cells. For each of the following systems, this section shows 
which options have been adopted. 

In the process of developing into MEA and AEA, the aircraft 
on-board electrical systems would require a set of 
enhancements. These are set to meet the mandatory high 
requirements of aerospace industry. Considering these 
requirements, the drive system design has to address the 
following factors: reliability, power density, torque density, 
efficiency, controllability, fault tolerant capability, thermal 
robustness, complexity of design and fabrication [6], [19], [20].  

WheelTug was the first company to demonstrate the 
operation of an on-board electric taxiing system, as shown in 
Fig. 2, back in 2005. The system depends on two induction 
machines from Chorus Motors, located at the NLG [21]. The 
APU powers the motors during the taxiing. This solution still 
uses fossil fuel product and hence it is not completely emission 
and noise free, although levels are much lower than during 
normal taxiing operation [10]. Designers of this system 
highlight several benefits of using WheelTug in addition to the 
general benefits of electric taxiing that have already been 
mentioned. Firstly, this system has the advantage of reducing 
the push back time to 8 minutes per flight, which is a significant 
time reduction especially for short and medium haul flights. 
Also, WheelTug emphasizes the possibility of parking parallel 
to the terminal building, since jet engines are turned off. 
Consequently, two airport bridges can be used for boarding 
increasing the passenger comfort and more importantly it would 
reduce the turnaround time (TAT) and consequently the cost of 
the flight [22].  

The proof of concept was demonstrated in 2005 on a Boeing 
767. The second ground test was performed in 2010 to further 
prove that the system would still be reliable in snowy and 
slushy conditions [23]. Finally, in 2012, a full in-wheel motor 

operation was demonstrated at Prague airport using Germania’s 
Boeing 737 [24], [25].  

As of now, the company has 1072 orders over 20 airline 
companies [26], even though they are still in the process of 
certification. The latest news regarding certification (January 
2017 [27]) is that WheelTug is officially in the process of 
certification for Boeing 737 by the FAA and that Air Transat  
volunteered to offer the plane to support certification efforts. 
Also, Stirling Dynamics, a UK leader in landing gear 
development, has been chosen by WheelTug to develop NG 
systems that will be used in its certification efforts [28]. The 
system is envisaged to enter in service in late 2018/ early 2019. 
 Following the successful demonstration activities of 
WheelTug, developments of electric taxiing continued with 
other companies. Collaborations between the German 
Aerospace Centre (DLR) and Lufthansa Technik is one of them. 
The DLR motor is located also at the NLG and consists of a 
permanent magnet synchronous motor (PMSM). The two 
motors and gears installed in the wheel rim are shown in Fig. 3. 
The motors can produce 2.25 kNm, driving the 80 ton of the 
A320 at a top speed of 25 kmph. The proposed PMSM uses 
Neodymium iron boron magnets, which indeed have high 
remnant flux density. On the other hand, they have a relatively 
high costs and are quite unstable with the temperature and not 
widely available. The system was developed to be powered from 
the fuel cells [29], [30]. Despite the major advantages of using 
these technology, such as low on-ground noise and low fuel 
consumption, fuel cells are still technologically immature. The 
system was tested in 2011 at Hamburg Finkerwerder airport 
using an Airbus A320 [31].  The total power of 50kW [32] and 
other limitations, such as hydrogen storage and safety, make this 
system the least possible to be seen operating in the near future.  

 
Fig. 2 WheelTug system implemented in NG

 
Fig. 3 Motor Developed by DLR [29] 



All the systems discussed above are installed at the NG. 
Regarding the MLG configuration, Safran has advanced the 
furthest in collaboration with other companies and universities. 
Safran and Honeywell Aerospace created a joint venture in 2011 
called the Electric Green Taxiing System (EGTS). The system  
was designed in accordance to the EGTS requirements [33], 
namely 1) 20 knots speed in 90 sec, 2) 10 knots speed in 20 sec 
for active runway crossing and 3) breakaway torque at 1.5% 
slope at maximum take-off weight (MTOW). The system was 
successfully tested at the Paris International Air Show (PAS) in 
2013 using an A320, as shown in Fig. 4. Fig. 5 presents an 
illustration of the basic scheme of the electric drive system 
(EDS) which comprises an ac-to-dc converter, an 
autotransformer rectifier unit (ATRU), a wheel actuation control 
unit (WACU) and a traction motor (TM). As can be observed, 
the system was powered through the APU. No information about 
the electrical motor implementation is available, however it can 
be perceived that gears were used [34]. The maximum 
demonstrated speed was 10 knots due to PAS safety regulations, 
but later at Toulouse airport speeds of 20 knots were achieved. 
Even though the demonstration was successful, Safran and 
Honeywell decided to terminate the project in 2016. However, 
Safran decided to stay devoted to the electric taxiing idea, 
through its involvement in the Clean Sky 2 framework [35]. An 
important project in this framework, led by Safran Landing 
Systems, is known as “high energy storage module for an 
electric taxi” through which optimum energy storage system 
should be designed up to TRL6 [35].  

 Safran also collaborated with University of 
Nottingham, Airbus, Adeneo and DLR under the CleanSky Joint 
Technology Initiative. The study conducted in [36], [37] is 
continuing the work of [30], with the aim of developing a direct 
drive system that removes the need for any mechanical 
advantages such as gearing. An investigation to identify the 
optimal position in the MLG of an A320 concluded that 
employing the electric taxiing motor at the back envelope of the 

MLG is the optimum solution because of the more available 
space as shown in Fig. 6. A main challenge with implementing 
the drive into the MLG is of course the lack of space. A PMSM 
was developed for the system and through several torque 
enhancement techniques [38] managed to reach a record-
holding 42Nm/kg in terms of peak torque density. The operating 
torque reached from this machine is 7000 Nm and it comprises 
various features such as 1) an outer rotor configuration, 2) a five 
stage Halbach array configuration, 3) a double star winding 
configuration and 4) various advanced materials such as Cobalt 
Iron and Samarium Cobalt magnets [39],[40], [41]. This 
machine was then implemented with a power electronics 
converter developed by Adeneo, a control algorithm developed 
by DLR and tested up to TRL5 standards in a realistic 
environment in the labs of Safran Landing Systems in France.  

III. COMPARISON OF THE ET SYSTEMS AND RECOMMENDATIONS  

TOWARDS FULLY-INTEGRATED ZERO CARBON TAXIING 

A. Comparison of the ET systems 

The most important advantage of external systems is that 
they do not add to the on-board weight. Also, since 
modifications done to the aircraft are minor, the certification 
process is considerably easier for external systems. However, 
the main disadvantage of this system is that congestion at surface 
level would increase and modifications to the airport 
infrastructure would need to be made, such as additional roads 
for tractor movement after aircraft’s take-off. Also, usage of 
these systems during taxi-in can be seamless, considering that 
taxi-in is usually shorter than taxi-out due to the non-zero initial 
speed. After the landing the aircraft would have to stop and wait 
a few minutes to be attached to the tractor, while perhaps without 
stopping could even be at the terminal building.  

On the other hand, on-board systems have the advantage of 
minimizing the airport surface movements of towing tractors, 
compared to external systems. Basically, an aircraft could 
become completely autonomous. Also push-back time is notably 
lower since aircraft are able to do pushback autonomously. 
However, the main drawback of the on-board systems is the 
increase of the total aircraft weight. Therefore, benefits of the 
saved fuel on ground could be theoretically offset by higher fuel 
consumption during airborne phase. Another major challenge of 
on-board systems is the change of the aircraft architecture, 
which would require considerable efforts in terms of 
certification and legislations. 
 As seen in the previous sections, there are different on-board 
solutions. The NLG configuration benefits from the larger 

 
Fig. 4 Demonstration of EGTS 

 
Fig. 5 Architecture of EDS of EGTS [34]  

 
Fig. 6 Typical arrangement of wheel at the MLG [30] 



available space which is not the case in MLG due to the presence 
of the brakes. Despite the challenging confined space available 
at the MLG, it carries around 90% of the aircraft weight, making 
it highly appealing for motor installation due to the possible high 
tractive forces. Hence, at severe conditions such as snow, ice and 
rain when traction efforts are reduced, the installation of the ET 
at the NLG would be problematic. Furthermore, MLG consists 
of four wheels, which makes it possible for implementation of 
four motor system. This would increase the reliability and 
redundancy and at the same time it would allow higher 
flexibility in the designing of the motor. Also one of the biggest 
advantages is the improved life times of the carbon brakes. For 
example, during taxing with EGTS, the carbon brakes are not 
used extensively as when taxiing with the main engines on. 
However, the biggest challenges remain the heat management 
generated from the brakes and the installation of appropriate 
cooling systems for the motors.  

A major difference between any on-board ET systems is the 
method of motor and wheel integration. It can either be direct 
drive or a geared system. In case of using direct drive, the 
system would benefit of simpler drive train construction, higher 
overall efficiency, possibly reduced weight and increased 
reliability. On the other hand, the motor should be able to 
handle the huge amount of peak torques required and the high 
speed operation during landing and take-off. In case of PMSMs, 
a high back-emf could lead to winding failures, PM 
demagnetization, and converters damages. The presence of 
gears simplifies the installation of clutch systems which could 
solve the problem of back-emf. However, jamming and 
complex mechanical drive train are still the main disadvantages 
of using geared system. 

B. Recommendations for  further research 

Multiphase machines represent a potential solution for 
increasing the power density, reducing torque ripple and 
improving the reliability [42]. The use of superconducting 
motors should be considered as an alternative for the ET motors 
because they have a relatively high torque density. Authors in 
[43], [44] present a study of using it for propulsion application. 
Because of the confined space and the need for simplicity, it is 
more convenient to use active air cooling rather than liquid 
cooling. Furthermore, novel machine types can be further 
investigated for this application, such as IM with conical rotor 
[45]. 

Research and developments of energy storage devices and 
associated power electronics is essential for on-board ET 
systems. Installation of local energy storage system (ESS) 
would allow energy to be captured during braking events and 
would improve overall performance of the drive. Additionally, 
the installation of local energy storage would decrease the 
dependence from the APU. Finally, by using energy storage 
there is possibility of complete emission-free taxiing. 
Considering power and energy requirements of the system 
together with the specific energy and power of currently 
available storage technologies, Li-ion batteries and super-
capacitors arise as top candidates. Introduction of the ESS 
would increase the overall weight of ET system. Therefore, 
energy storage should be as compact and light as possible. For 
instance, target mass of Clean Sky 2 project [35]  for the whole 
unit is 40 kg. The storage elements might be charged while the 

aircraft is parked (plug-in charge), charged during regenerative 
braking or even charged during regeneration of other electrical 
systems on the aircraft. All of these possibilities are just one 
direction in which future work regarding storage can move. 

IV. CONCLUSIONS 

This paper presented a review of the ET systems, 
technologies, challenges and future trends. Global challenges 
of aviation have been overviewed with the emphasis on the 
environmental issues. In line with the requirement that all 
taxiing procedures should be carbon free by 2050, many 
research effort has been investigated into aircraft taxiing 
operations. In this paper, ET systems that have been 
successfully demonstrated have been reviewed. All presented 
systems assume engineless operation, i.e. jet engines are 
turned-off during taxiing. However, none of them is fully 
electric and zero carbon, besides DLR which uses fuel cell with 
water as waste. Feasibility studies regarding economy and 
operations that have been presented showed that 
implementation of existing ET systems can potentially reduce 
CO2, NOx and noise.  

As already alluded, on-board solutions are the most suitable 
for narrow-body aircraft, which have many flight cycles during 
the day with high taxiing time. For wide-body aircraft, the fuel 
savings during taxiing would be cancelled during the flight 
phase due to having extra on-board weight. Therefore, one 
possible scenario to be foreseen is a mixture of the two types: 
on-board for narrow-bodies and external systems for wide-
bodies aircraft. However, the final decision will have to be 
made by the airline companies in accordance to their network 
and aircraft utilization. For instance, KLM’s B737 which flies 
LHR-SCH route might see the benefits of on-board system 
implementation, while no benefit would be seen for the same 
aircraft type flying between airports with small taxiing times. 

 In case of using on-board systems, installation of the ET at 
the main lading gears seems to be the more reasonable solution, 
as this is s responsible for carrying the majority of the aircraft 
weight. The motor configuration is challenging, as each 
configuration possesses several advantages and disadvantages. 
PMSMs are usually the first choice for ET traction motor, 
because of their high torque density and efficiency. 
Nevertheless, the heat management of PMSMs is a concern, 
especially when located in the MLG and near the brakes. Air 
cooling is the more suitable solution for this application 
because of the confined space available. Elimination of gears 
and clutches are highly recommended. Future use of multiphase 
machines for this application would highly increase the 
reliability and decrease the torque ripples.  

Finally, some of the operational challenges of ET systems 
have been addressed (impact on ground control, regulations and 
certifications) as well as recommendations for future research 
effort in the field, such as local energy storage development, 
novel cooling system solutions and innovative electric machine 
topologies.   

REFERENCES 
[1] European Comission (March 2017), “Annual Analyses of the EU Air 

Transport Market 2016.” [Online]. Available: 
https://ec.europa.eu/transport/sites/transport/files/2016_eu_air_transport_i



ndustry_analyses_report.pdf [Accessed: 16 - May - 2018]. 
[2] Airbus S.A.S., “Global Market Forecast: Growing Horizons 2017/2036.” 

[Online]. Available: 
https://ec.europa.eu/transport/sites/transport/files/2016_eu_air_transport_i
ndustry_analyses_report.pdf [Accessed: 16 - May - 2018]. 

[3] V. Madonna, P. Giangrande, and M. Galea, "Electrical Power Generation 
in Aircraft: review, challenges and opportunities," in press on IEEE 
Transactions on Transportation Electrification, DOI: 
10.1109/TTE.2018.2834142, 2018. 

[4] European Comission, “Flightpath 2050, Europe’s Vision for Aviation.” 
[Online]. Available: 
https://ec.europa.eu/transport/sites/transport/files/modes/air/doc/flightpath
2050.pdf [Accessed: 16 - May - 2018]. 

[5] M. Galea, C. Gerada, T. Raminosoa, and P. Wheeler, “Design of a high 
force density tubular permanent magnet motor,” 19th Int. Conf. Electr. 
Mach. ICEM 2010, pp. 10–15, 2010. 

[6] W. Cao, B. C. Mecrow, G. J. Atkinson, J. W. Bennett, and D. J. Atkinson, 
“Overview of electric motor technologies used for more electric aircraft 
(MEA),” IEEE Trans. Ind. Electron., vol. 59, no. 9, pp. 3523–3531, 2012. 

[7] X. Roboam, B. Sareni, and A. De Andrade, “More Electricity in the Air,” 
Ind. Electron. Mag. IEEE, vol. 6, no. 4, pp. 6–17, 2012. 

[8] “ICAO.” [Online]. Available: 
https://www.icao.int/safety/airnavigation/AIG/Documents/ADREP 
Taxonomy/ECCAIRS Aviation 1.3.0.12 (VL for AttrID  391 - Event 
Phases).pdf. [Accessed: 26-Jun-2018]. 

[9] N. Dzikus, J. Fuchte, A. Lau, and V. Gollnick, “Potential for Fuel 
Reduction through Electric Taxiing,” 11th AIAA Aviat. Technol. Integr. 
Oper. Conf., no. September, pp. 1–9, 2011. 

[10] R. Guo, Y. Zhang, and Q. Wang, “Comparison of emerging ground 
propulsion systems for electrified aircraft taxi operations,” Transp. Res. 
Part C Emerg. Technol., vol. 44, pp. 98–109, 2014. 

[11] L. Khammash, L. Mantecchini, and V. Reis, “Micro-simulation of airport 
taxiing procedures to improve operation sustainability: Application of 
semi-robotic towing tractor,” 5th IEEE Int. Conf. Model. Technol. Intell. 
Transp. Syst. MT-ITS 2017 - Proc., pp. 616–621, 2017. 

[12] P. C. Roling, P. Sillekens, R. Curran, and W. D. Wilder, “The effects of 
Electric Taxi Systems on airport surface congestion,” 15th AIAA Aviat. 
Technol. Integr. Oper. Conf., no. June, pp. 1–10, 2015. 

[13] J. Hospodka, “Cost-benefit analysis of electric taxi systems for aircraft,” J. 
Air Transp. Manag., vol. 39, pp. 81–88, 2014. 

[14] N. Okuniek and D. Beckmann, "Towards higher level of A-SMGCS: 
Handshake of electric taxi and trajectory-based taxi operations," 2017 
IEEE/AIAA 36th Digital Avionics Systems Conference (DASC), St. 
Petersburg, FL, 2017, pp. 1-10. 

[15] “A Tractor that Saves Tons of Aviation Fuel.” [Online]. Available: 
https://www.siemens.com/innovation/en/home/pictures-of-
thefuture/mobility-and-motors/electromobility-aircraft-tractors.html. 
[Accessed: 03-Jul-2018].  

[16] “TaxiBot-International.” [Online]. Available: http://www.taxibot-
international.com/. [Accessed: 16-May-2018]. 

[17] “Pilot controlled dispatch towing - without engines running.” [Online]. 
Available: http://www.lufthansa-leos.com/taxibot. [Accessed: 02-Jul-
2018]. 

[18] “TaxiBot - Green revolution in airplane taxiing.” [Online]. Available: 
http://docs.wixstatic.com/ugd/865bf2_9eb200929c4a42108ecf23d94e5c1
379.pdf. [Accessed: 27-Jun-2018]. 

[19] A. Al-Timimy, G. Vakil, M. Degano, P. Giangrande, C. Gerada and M. 
Galea, "Considerations on the Effects That Core Material Machining Has 
on an Electrical Machine's Performance," in IEEE Transactions on Energy 
Conversion, vol. 33, no. 3, pp. 1154-1163, Sept. 2018. 

[20] A. Al-Timimy et al., "Design and Losses Analysis of a High Power Density 
Machine for Flooded Pump Applications," in IEEE Transactions on 
Industry Applications, vol. 54, no. 4, pp. 3260-3270, July-Aug. 2018. 

[21] “Chorus Motors.” [Online]. Available: 
http://www.chorusmotors.com/aerospace.php. [Accessed: 02-Jul-2018]. 

[22] “WheelTug Webinar: Cheaper, Safer, and More Comfortable - You Can 
Have All Three!” [Online]. Available: 
https://www.youtube.com/watch?v=2eeAMtbJuU8. [Accessed: 02-Jul-
2018]. 

[23] “WheelTug® Tow Tests Successful in Prague.” [Online]. Available: 
http://www.marketwired.com/press-release/wheeltugr-tow-tests-
successful-in-prague-1364008.htm. [Accessed: 26-Jun-2018]. 

[24] “WheelTug Successfully Tests Electric Drive System on Boeing 737NG.” 
[Online]. Available: http://www.marketwired.com/press-
release/wheeltug-successfully-tests-electric-drive-system-on-boeing-
737ng-1672869.htm. 

[25] “WheelTug June 2012 Prague Ground Tests.” [Online]. Available: 
https://www.youtube.com/watch?v=vfueF1iQrz4. [Accessed: 26-Jun-
2018]. 

[26] “WheelTug.” [Online]. Available: http://www.wheeltug.com/news.php 
[Accessed: 22 - May - 2018]. 

[27] “Flight Global.” [Online]. Available: 
http://dashboard.flightglobal.com/app/#/. [Accessed: 26-Jun-2018]. 

[28] “STIRLING REDESIGNS THE WHEEL!” [Online]. Available: 
https://www.stirling-dynamics.com/news/stirling-redesigns-wheel/. 
[Accessed: 02-Jul-2018]. 

[29] M. Schier, F. Rinderknecht, A. Brinner, and H. Hellstern, “High Integrated 
Electric Machine for Aircraft Autonomous Taxiing,” Int. Conf. Electr. 
Veh. Renew. Energies (EVER 11), 2011. 

[30] T. Raminosoa, T. Hamiti, M. Galea, and C. Gerada, “Feasibility and 
electromagnetic design of direct drive wheel actuator for green taxiing,” 
IEEE Energy Convers. Congr. Expo. Energy Convers. Innov. a Clean 
Energy Futur. ECCE 2011, Proc., pp. 2798–2804, 2011. 

[31] “DLR Airbus A320 ATRA taxis using fuel cell-powered nose wheel for 
the first time.” [Online]. Available: 
https://www.dlr.de/dlr/en/desktopdefault.aspx/tabid-10204/296_read-
931/#/gallery/2078. [Accessed: 02-Jul-2018]. 

[32] F. Re, “Model-based Optimization, Control and Assessment of Electric 
Aircraft Taxi Systems,” 2017. 

[33] “EGTS.” [Online]. Available: https://www.arts-et-
metiers.asso.fr/manifestation_cr/678_compte_rendu.pdf [Accessed: 16 - 
May - 2018]. 

[34] E. D. Ganev, "Electric Drives for Electric Green Taxiing Systems: 
Examining and Evaluating the Electric Drive System," in IEEE 
Electrification Magazine, vol. 5, no. 4, pp. 10-24, Dec. 2017. 

[35] European Comission (March 2017), “Annex VI : 6 th Call for Proposals ( 
CFP06 ) - List and Full Description of Topics.” [Online]. Available: 
https://ec.europa.eu/research/participants/portal/doc/call/h2020/jti-cs2-
2017-cfp06-air-01-25/1762608-cfp06_description_of_topics_en.pdf. 
[Accessed: 16-May-2018]. 

[36] D. Golovanov, M. Galea, and C. Gerada, “High specific torque motor for 
propulsion system of aircraft,” 2016 Int. Conf. Electr. Syst. Aircraft, Railw. 
Sh. Propuls. Road Veh. Int. Transp. Electrif. Conf. ESARS-ITEC 2016, 
2017. 

[37] M. Galea, Z. Xu, C. Tighe, T. Hamiti, C. Gerada, and S. Pickering, 
“Development of an aircraft wheel actuator for green taxiing,” Proc. - 2014 
Int. Conf. Electr. Mach. ICEM 2014, pp. 2492–2498, 2014. 

[38] M. Galea, T. Hamiti, and C. Gerada, “Torque density improvements for 
high performance machines,” Proc. 2013 IEEE Int. Electr. Mach. Drives 
Conf. IEMDC 2013, pp. 1066–1073, 2013. 

[39] C. Sciascera, P. Giangrande, L. Papini, C. Gerada, and M. Galea, 
“Analytical Thermal Model for Fast Stator Winding Temperature 
Prediction,” IEEE Trans. Ind. Electron., vol. 64, no. 8, 2017. 

[40] A. Hebala, O. Hebala, W. A. M. Ghoneim, and H. A. Ashour, “Multi-
objective particle swarm optimization of wind turbine directly connected 
PMSG,” 2017 19th Int. Middle-East Power Syst. Conf. MEPCON 2017 - 
Proc., vol. 2018–Febru, pp. 19–21, 2018. 

[41] A. Hebala, W. A. M. Ghoneim, and H. A. Ashour, “Different design 
approaches of surface mounted high performance PMSG,” 2017 Intl Conf 
Adv. Control Circuits Syst. Syst. 2017 Intl Conf New Paradig. Electron. 
Inf. Technol., no. 1, pp. 85–90, 2017. 

[42] O. Grigore-Müler and M. Barbelian, "Regenerative braking for aircraft 
landing roll phase using an electric machine," 2012 13th Int. Conf. on 
Optimization of Electrical and Electronic Equipment, Brasov, 2012. 

[43] J. S. Thongam, M. Tarbouchi, A. F. Okou, D. Bouchard, and R. 
Beguenane, “Trends in naval ship propulsion drive motor technology,” 
2013 IEEE Electr. Power Energy Conf. EPEC 2013, pp. 1–5, 2013. 

[44] D. Dezhin, N. Ivanov, K. Kovalev, I. Kobzeva, and V. Semenihin, “System 
Approach of Usability of HTS Electrical Machines in Future Electric 
Aircraft,” IEEE Trans. Appl. Supercond., vol. 28, no. 4, 2018. 

[45] S. Roggia, F. Cupertino, S. Member, C. Gerada, and M. Galea, “A Two-
Degrees-of-Freedom System for Wheel Traction Applications,” vol. 65, 
no. 6, pp. 4483–4491, 2018. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


