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Replacing wired interconnections with wireless connections in aircraft and other challenging environments
has attracted a lot of attention nowadays with the fast development of wireless communication technologies. It
reduces the complexity of electrical wiring and improves the operational efficiency. However, the deployment of
wireless communications in these environments must meet very high standards for reliability.

In the proposed research, we focus on novel techniques for reliable wireless communications in challenging
environments. Environment modeling, system design, and overall performance in terms of reliability, delay, and
implementation complexity will be addressed, enabling both safety-critical and other applications such as
maintenance and diagnosis. Our proposed techniques, including interference identification, interference
avoidance, and redundancy and diversity schemes, is an innovative and integrated way to guarantee system
reliability and provide safety and environmental benefits.

PROBLEM:

Electrical wiring in aircraft has become more and more complex nowadays. According to [1], the total
number of wires in an Airbus A380-800 is around 100,000, and they are 470 kilometers in total length and 5700
kilograms in total weight. The use of wiring brings a number of issues in terms of weight, cost, safety, and
maintainability. It is therefore desirable for aerospace industry to replace wired interconnections with wireless
connections in aircraft. Similarly, the use of wireless communications in other environments such as hazard
detection systems is also preferred and thus has attracted a lot of attention.

However, the deployment of wireless communications in aircraft is a challenging task that must meet very
high standards for reliability [2], which is also the case in other challenging environments. For safety-critical
applications, the connections should be close to 100 percent reliable. Meanwhile, for other applications such as
maintenance and diagnosis, the connections still need to be reliable enough with a cost-effective solution. To
address the above design and implementation issues, we propose to study novel techniques for reliable wireless
communications in challenging environments. While these techniques can be applied to different applications, we
will focus on applications in aircraft and access the performance of selected techniques for aircraft.

RATIONALE:

The evolution of wireless communication technologies in terms of data rate and quality of service enables
their use in many different industries. However, existing wireless communication systems are not specifically
designed for aircraft or other challenging environments, and may not satisfy the imposed requirements, especially
high standards for reliability. The investigation of novel techniques for wireless communications in challenging
environments with the desired properties is therefore critical.

With the proposed research on reliable wireless communications in aircraft, the complexity and life-cycle cost
of electrical wiring in the state-of-the-art aircraft will be greatly reduced. As it is easier to provide redundancy
with wireless connections, flight safety can be improved as well. Without the limit of wired connections, it is also
possible to obtain more data from aircraft surfaces for the enhancement of operational efficiency. Furthermore,
aircraft weight reduction will save fuel cost and result in environmental benefits.

APPROACH:

As shown in Figure 1, we propose to investigate from the aspects of environment modeling, system design,
and performance analysis. All of them are closely related to each other. Environment modeling is to be
completed before the start of this continuing project.
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Fig. 1. Framework of proposed research.

1. Environment Modeling

The environment in an aircraft is very different from where conventional wireless communication systems
operate. Understanding the operational environment, including channel propagation model and communication
node distribution, is very important for the design and analysis of wireless communication systems for aircraft.

Channel propagation: The environment inside an aircraft is heavily reverberant because of metal materials.
To characterize the resonant environment, ray tracing techniques [3] may be applied and signal propagation
characteristics at different parts of the aircraft can be determined. By properly modeling the channel propagation,
we will be able to address the system design and performance analysis inside an aircraft.

Node distribution: Due to the special structure of an aircraft, the installation of communication nodes
including their antennas is always restricted. Based on possible locations of communication nodes, the physical
topology of the communication network can be determined. The distribution of different nodes is also needed for
system design and performance analysis.

2. System Design

In this part, we focus on robust system design against interference from operating radar and other avionics
equipment. Different aspects to achieve interference immunity, including interference identification, interference
avoidance, and diversity techniques will be explored.

Interference identification: To avoid possible interference, a communication node may identify if there is
detrimental interference over certain channels before transmission. This can be realized through clear channel
assessment or spectrum sensing [4]. However, stringent delay requirement for data transmission in aircraft may
prevent the use of these conventional interference identification techniques. We have proposed in [5] a sequential
detection scheme to allow quickest detection of interference before receiving a fixed number of samples. Based
on our existing work, we will evaluate the feasibility of sequential detection as well as other candidate techniques
for interference identification under delay constraints in aircraft.

Interference avoidance: After identifying channel availability and interference information, a communication
node may select proper channels without detrimental interference to transmit data. Although the channels with no
or lower level of interference should generally be chosen, the imperfection of interference identification can result
in incorrect ordering of channel interference levels. We have introduced in [6] a probabilistic resource allocation
scheme to use soft information from spectrum sensing for system performance improvement. In the proposed
work, we will study joint optimization of interference identification and channel selection to improve the
performance based on our previous work. Given the history of data transmission over different channels, we can
further narrow down the channels for upcoming interference identification, as an extension of our work in [7].

Redundancy and diversity: Due to the multipath propagation environment inside aircraft, some locations
suffer from deep fading and wireless signals are severely degraded. At the same time, there may be interference
from other systems. Thus it is essential to build redundancy to guarantee reliability. Although retransmission is a
simple solution, it is not suitable for delay-sensitive applications. We will investigate the options to use multiple
channels to provide desired redundancy and greater assurance for successful transmission. For example, we will
address the use of spread spectrum with error correction across different channels. We will also explore other
techniques, such as time-frequency interleaving, to reduce burst errors. Furthermore, if we introduce user diversity
and allow relaying, forward and relay links can be used to enhance the direct link and boost link availability.
Based on our previous work on relay selection in [8], we will compare different relaying schemes and study the
feasibility and end-to-end performance with multiple hops.

3. Performance Analysis

Throughout the study of system design, it is necessary to determine the feasibility of selected techniques and
access the performance of the system as a whole via mathematical analysis and simulation. The following aspects
of system performance will be addressed in the proposed work.



Reliability: As we have already emphasized, the reliability of wireless communications in aircraft is
especially important. In [9], we have analyzed the performance of femtocell networks in a practical self-
organizing and auto-configuring framework. We will extend the analysis to the aircraft environment and
investigate the probabilities of bit error and packet loss.

Delay: For delay-sensitive applications, we will verify the delays associated with selected techniques for
interference identification as well as proposed redundancy and diversity schemes.

Implementation complexity: While we may sacrifice complexity for higher reliability for safety-critical
applications in aircraft, we must balance cost and performance for other applications such as maintenance and
diagnosis. Therefore, the implementation complexities of candidate techniques will be evaluated in our research.

NOVELTY:

Current systems for wireless communications aboard aircraft platforms are not reliable enough and sometimes
even inadequate due to susceptibility to radio frequency (RF) interference from other devices. Our proposed
research on wireless communications in challenging environments, consisting of interference identification,
interference avoidance, and redundancy and diversity schemes, is an innovative and effective way to guarantee
system reliability. Besides, delay performance and implementation complexity are also emphasized in our system,
enabling both safety-critical and other applications in aircraft and other challenging environments.

POTENTIAL BENEFITS TO INDUSTRY MEMBERS:

The industry member(s) can use the techniques in the proposed research for the development and integration
of reliable wireless communication systems. Meanwhile, our performance analysis can help to validate the
feasibility of wireless communication solutions and products for the industry member(s).

DELIVERABLES:

During the one-year period, 1 midterm report and 1 final report will be submitted. Simulating programs will
be also provided to the industry member(s) related to this project.

TIMELINE/MILESTONES: (PER QUARTER)

The proposed research will be conducted according to the plan depicted in Figure 2. During the first and
second quarters, different techniques for system design will be investigated and simulated. Starting from the third
quarter, the performance of the system will be analyzed both mathematically and via simulation.
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Fig. 2. Plan of proposed research.

TECHNOLOGY TRANSFER:

We have discussed with researchers at UTC Aerospace Systems via email correspondence, teleconferences,
and face-to-face meetings on their interest and needs for reliable wireless communications in aircraft. We plan to
continue our discussion and collaborate with researchers at UTC Aerospace Systems through email exchanges
and teleconferences during the project period.

BUDGET:
Professional Staff: Xiangwei Zhou $9,690/mo for 1 mo $ 9,690
Other Personnel: Graduate Assistant $3,328/mo for 12 mos @ 25% $ 9,984
Fringe Benefits for Professional Staff @ 47.9% $ 4,642
Primary Care Fee for Graduate Assistant $ 291
Travel: Midterm Meeting in AZ $ 763
(Air $300, Mileage $0.56/mi* 234 mi, Lodging $150/night *2 night, $32 per-diem *1 day)
Annual Meeting in MO $ 259

(Mileage $0.56/mi* 234 mi, Lodging $100/night *1 night, $28 per-diem *1 day)
Total Cost $25,629
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Abstract: (250 words max)

Replacing wired interconnections with wireless connections in aircraft and other challenging environments has attracted a lot
of attention nowadays with the fast development of wireless communication technologies. It reduces the complexity of
electrical wiring and improves the operational efficiency. However, the deployment of wireless communications in these
environments must meet very high standards for reliability. In the proposed research, we focus on novel techniques for
reliable wireless communications in challenging environments. Environment modeling, system design, and overall
performance in terms of reliability, delay, and implementation complexity will be addressed, enabling both safety-critical and
other applications such as maintenance and diagnosis. Our proposed techniques, including interference identification,
interference avoidance, and redundancy and diversity schemes, is an innovative and integrated way to guarantee system
reliability and provide safety and environmental benefits.

Problem:

Electrical wiring in aircraft has become more and more complex nowadays. The use of wiring brings a number of issues in
terms of weight, cost, safety, and maintainability. It is therefore desirable for aerospace industry to replace wired
interconnections with wireless connections in aircraft. Similarly, the use of wireless communications in other environments
such as hazard detection systems is also preferred. However, the deployment of wireless communications in these
environments is a challenging task, which must meet very high standards for reliability.

Rationale / Approach:

Existing wireless communication systems are not specifically designed for aircraft or other challenging environments, and may
not satisfy the imposed requirements, especially high standards for reliability. The investigation of novel techniques for
wireless communications in challenging environments with the desired properties is therefore critical. We propose to
investigate from the aspects of environment modeling, system design, and performance analysis. Different aspects to achieve
interference immunity, including interference identification, interference avoidance, and diversity techniques will be explored.

Novelty:

Current systems for wireless communications aboard aircraft platforms are not reliable enough and sometimes even
inadequate due to susceptibility to radio frequency (RF) interference from other devices. Our proposed research on wireless
communications in challenging environments, consisting of interference identification, interference avoidance, and
redundancy and diversity schemes, is an innovative and integrated way to guarantee system reliability. Besides, delay
performance and implementation complexity are also emphasized in our system, enabling both safety-critical and other
applications in aircraft and other challenging environments.

Potential Member Company Benefits:

The industry member(s) can use the techniques in the proposed research for the development and integration of reliable
wireless communication systems. Meanwhile, our performance analysis can help to validate the feasibility of wireless
communication solutions and products for the industry member(s).

Deliverables for the proposed year:

During the one-year period, 1 midterm report and 1 final report will be submitted. Simulating programs will be also provided
to the industry member(s) related to this project.

Milestones for the proposed year:
During the first and second quarters, different techniques for system design will be investigated and simulated. Starting from
the third quarter, the performance of the system will be analyzed both mathematically and via simulation.

Progress to Date: THIS SECTION TO BE UPDATED IN JANUARY

Estimated Start Date: August 15, 2014 Estimated Knowledge Transfer Date: August 31, 2015
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