The ACES Big Data Connector provides airlines
with the option to transfer the ACES data to
their own analytical cloud platform and merge
it with other corporate data warehouses.

Holding all
the ACES

Until now, airlines haven’t had the means to record and measure
the quality of their cabin environment consistently, with objective
data. A new solution from Teledyne Controls focused on cabin air
quality data is seeking to solve this problem. Inflight Editor
Alexander Preston asks the questions.
Inflight: Teledyne Controls has over 50 years
of experience with data acquisition, wireless
transfer and data analytics. Can you give me
an overall view of your product portfolio and
explain how the company has been able to
respond to and meet the needs of airline
customers as data evolves, both in terms of
volume, frequency, complexity etc.?
Teledyne Controls: “Our portfolio is
designed to help aircraft operators collect,
distribute, and utilise their aircraft data in
the most efficient way so that they can
improve flight safety, operational efficiency,
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and compliance. We have been designing
data acquisition and recording systems for
over 50 years and have a proven portfolio of
data acquisition units that operate on
approximately 19,000 commercial and
military aircraft worldwide. These systems
have evolved over the years to accommodate
larger volumes of data and more complex
data monitoring requirements with increased
processing power and enhanced data frames.
In the late 1990s, Teledyne Controls was the
first to introduce cellular technology as a
viable means to transfer large volumes of

data between the aircraft and the airline’s
ground network. Since then, we have built
several generations of wireless data transfer
systems, most notably our Wireless
GroundLink+ system, that have followed the
cellular evolution (2G, 3G, 4G LTE),
integrated Wi-Fi connectivity and can
interface with broadband networks. These
systems have been deployed on over 16,000
aircraft on multiple platforms. We also
provide portable data loaders, including our
new PMAT XS. Our aircraft data solutions,
which complete the full cycle of aircraft data
management, have also evolved from
installed software applications to
comprehensive cloud-based services that
address the needs of specific stakeholders at
the airlines, such as Safety, Operations,
Maintenance and Engineering, and external
data consumers, like engine manufacturers.”
Inflight: You are about to launch a new
product in a new market segment for the
company that still leverages the company’s
core competencies. Can you tell me more
about the development of ACES? Was it
already part of your product roadmap or an
example of reacting to market need? Why
launch it now?
Teledyne Controls: “One of our core
operating principles is that we listen closely
to our customers and then act quickly to
bring solutions to their problems. ACES is the
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direct result of hearing from multiple airlines
about challenges related to cabin air quality
and their desire to monitor it comprehensively.
Since we are part of Teledyne Technologies
Incorporated, which includes a significant set
of air quality and gas monitoring businesses,
the product is a natural extension of our
capabilities. We were able to leverage decades
of existing air quality expertise in Teledyne
Technologies and decades of expertise at
Teledyne Controls in data acquisition,
wireless transfer, and analysis to deliver a
solution for the aviation market. Once we
validated the need for the product, we moved
quickly and went from product concept to
certification in just over two years. It was
recently certified on the 737, and the A320 is
next. We’re launching it now because it’s
certified, there’s a clear industry need, and
we want to help airlines with this problem.
“ACES is part of a broader vision. Teledyne
Technologies has evolved into one of the
leading sensor companies in the world. In
addition to air quality and gas monitoring
capabilities, the corporation has a vast array
of imaging, electronic measurement, and
other sensing technologies. Teledyne
Controls is working to bring more and more
of those capabilities to the aviation industry,
focusing on helping our airline and OEM
customers derive safety and operational
benefits from data.”
Inflight: How does the product work, and
how does it integrate or support your existing
portfolio? What benefits does it offer airlines,
and what deficiencies in knowledge/
understanding does it fill?
Teledyne Controls: “As soon as the aircraft
is powered, ACES performs continuous air
sensing and monitoring and records data that
is stored in the ACES onboard units. Upon
landing, ACES automatically transmits the
data to the ACES Cloud Service (ACS) portal
for processing and analysis. Importantly,
ACES transmits the data itself without relying
on any other aircraft connectivity systems.
The transfer happens seamlessly and securely
via ACES’ built-in wireless module, which
works with both cellular (4G LTE) and Wi-Fi
networks when the aircraft is on the ground.
“One of the strengths of ACES is that it can
operate independently from any of our
existing products, but it can also be
integrated if desired. For example, the
product could also be integrated with our

We believe that
airlines that adopt this
technology and take a
proactive approach to
air quality monitoring
will see a tremendous
benefit from showing
leadership on this
topic and being able
to tell their customers
that they are
committed to
providing a safe
environment.
existing portfolio to stream data via
broadband while in flight.
“ACES fills a huge gap in knowing what is
happening on the aircraft. Before ACES,
airlines did not have a practical way to
comprehensively monitor the air quality in
the cabin and flight deck on most aircraft.
ACES solves this problem by providing
comprehensive and accurate data for every
flight, so airlines can continuously verify the
air quality in the cabin and have objective
data if an air quality event occurs. Finally, by
monitoring trends on specific aircraft, airlines
can identify and address potential emerging
issues to help prevent future incidents.
“We believe that airlines that adopt this
technology and take a proactive approach to
air quality monitoring will see a tremendous
benefit from showing leadership on this topic
and being able to tell their customers that
they are committed to providing a safe
environment.”

Inflight: Is it a line-fit option, or can it be
retrofitted? How many sensors are needed
on a typical aircraft, and where makes the
best locations for placement?
Teledyne Controls: “Right now, the ACES
solution is available for retrofit installation
and can be purchased using Teledyne’s STC.
The number of sensors deployed depends on
the aircraft type. For example, on popular
narrowbody aircraft, we recommend three
devices: One in the flight deck and two in
the main cabin (fore and aft).”
Inflight: What sort of environmental
parameters are recorded, and how can ACES
support existing cabin cleaning measures?
Teledyne Controls: “ACES is designed to
detect potentially hazardous contaminants
that could affect the air quality in the cabin
and flight deck. The system records 13
environmental parameters, including data
on airborne particulates from 0.3 to 10
microns in size, carbon dioxide, carbon
monoxide, ozone, volatile organic
compounds and several other parameters.
“ACES can help ensure cabin cleanliness
through the recording of particulate and
volatile organic compound data with one
such purpose being to ensure the
effectiveness of HEPA filters. Data can be
validated from a central hub, e.g. Operations
Control can quickly see the aircraft
information via the ACES Cloud Service
portal. By utilising the ACES Big Data
Connector integration capabilities, which
allows the ACES data to be ingested into an
operators’ analytics platform with other
operational data, existing workflows,
processes and IT systems can be maintained
and enhanced with the relevant data.”
Inflight: Is it commercially available now
– any feedback from airlines and launch
customers lined up?
Teledyne Controls: “ACES has been
FAA certified and is commercially available
on the Boeing 737. FAA and EASA
certifications on the A320 are in progress,
and we expect the FAA certification on the
A320 in the first half of this year. The system
is now installed with our STC partner, a
major US Airline, and it has performed
extremely well in a variety of on-aircraft and
off-aircraft tests. We are getting very
positive feedback from numerous airlines
and are excited to be bringing this new
capability to the industry.” 
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Introduction
We often take the air we breathe for
granted. However, the quality of the air on
commercial aircraft has become the topic
of considerable debate. This includes
regular reports of smoke, smell, and fume
events on aircraft, and reporting of
potential dangers and long-term health
effects to passengers and crew. In this
paper we explore how we usually get
cabin air when things work well, the kinds
of things that can go wrong, and why air
quality measurement is an important step
to improve the situation.
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The Cabin Environment
Most people who have flown have probably not given the air in the aircraft cabin a second thought.
Occasionally smoke incidents on commercial flights will provide some dramatic photos on a slow news
day [i]. Dig further, and cabin air quality turns into a much more complex and nuanced topic than it first
appears.
For aircraft designers, there are several factors to worry about to ensure passenger safety and comfort.
Some are fundamental, including overcoming the hostile environment experienced at altitude, while
others shape the customer experience, such as the perception of space, seat ergonomics, row spacing,
and entertainment systems. Looking specifically at cabin air quality, this spans several of the factors
shown in Figure 1, and is inextricably linked to the Environmental Control System, or ECS.

Figure 1: The aircraft cabin environment involves multiple factors to ensure passenger safety and comfort

A Little History
Cabin air quality became a prominent issue in the 1990s, once smoking was banned on commercial
flights. Around the same time, reports were surfacing of air quality events associated with the British
Aerospace 146 plane, which caused a government enquiry to be initiated [ ii]. In these cases, crew
allegedly became sick because of system fluids leaking in the cabin, raising the prominence of short-term
events. While issues like these have changed design practices for the better, SFO events, or Smoke,
Fume, and Odor events, continue to be a sensitive topic, as do reported long-term health impacts on a
small number of flight crew and frequently traveling customers.
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Who Cares About Cabin Air Quality?
As with any issue with multiple stakeholders, each has their own set of concerns driving their outlook
and decision making, with some factors illustrated in Figure 2.

Figure 2: Stakeholder concerns about cabin air quality

How Are Things Supposed to Work?
There are many different types of commercial aircraft, and many variations in how the different systems
work. However, the following is broadly representative of the concepts involved.

Simplified Cabin Air System
Most commercial passenger aircraft use systems similar in concept to the one shown in Figure 3.
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PAGE 4/16

Aircraft Cabin Air Quality - An overview

Figure 3: Simplified cabin air system

Cabin air is a mixture of outside air combined with recirculated and filtered inside air. How the outside air
is introduced varies depending upon whether an aircraft is in flight or not. During flight the process is
usually as follows, where the paragraph numbers refer to the numbers shown in Figure 3.
1. A small portion of the outside air passing through the compressor section of the engine is
diverted away before the combustion section. This bleed air is a convenient way for OEMs to
source the required cabin supply.
2. Bleed air ranging from 400°F (205°C), to as much as 1,100°F (595°C) in more recent engines, is
cooled down to 380°F (195°C) by the engine bleed air pre-cooler.
3. Bleed air is usually used to feed many different systems on an aircraft, including wing and engine
inlet de-icing, and water system and hydraulic system pressurization. A portion is used for the
ECS; this portion often passes through an ozone converter to remove any atmospheric ozone.
4. Air passes through the ECS air conditioning packs and, by this point, it has been cooled to around
70°F (21°C).
5. An important element of the system is the air mix manifold – fresh air and filtered cabin air are
intermingled.
6. Mixed, conditioned air is adjusted by ECS controllers to the desired temperature, using hot bleed
air, known as “trim air”, in each cabin zone. It is then distributed throughout the cabin, exiting
through vents near the floor.
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7. Some used air passes back to the mix manifold, through HEPA filters, to be used again 1.
8. The remaining used air, perhaps 50-60% of it, passes out of the aircraft through the outflow
valve. The degree of outflow valve opening is also varied in order to regulate cabin pressure.
The system functions in a similar way on the ground before and after flight, with a few important
exceptions.
9. Before and during boarding or deplaning, air is often piped directly into the mix manifold from
mobile or fixed air conditioning units attached to the aircraft 2.
10. As the aircraft readies for departure, the air supply is provided by the APU (Auxiliary Power Unit).
Air is drawn in through a vent at the back of the aircraft, through the APU, and piped to the
mid-area (3) for cabin air and other purposes, such as starting the engine.
This process is shown as a flow chart in Figure 4.

Figure 4: Typical flow of air to the cabin

HEPA filters are effective at removing airborne particles, but not gases. The Airbus A350 and Boeing 787 employ
the addition of activated charcoal filtering, which reduces cabin contaminant levels, including ethanol from beverage
service, and human bio-effluents.
1

Some larger airports are moving towards mandating use of ground infrastructure to reduce emissions. Some
airlines use the plane’s APU instead, either for fast turnaround, or for situations where no ground infrastructure is
provided.
2
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Cabin Air Circulation
Air is cycled through the cabin surprisingly
quickly, with replacement happening every 3-5
minutes. Airflow is illustrated in Figure 5.
Within the cabin, airflow is often top-tobottom, although air patterns differ from
model to model. Usually the air is supplied
down the walls (1.), down from the luggage
bins (2.), and through individual passengercontrolled vents (Passenger Service Units, or
“gaspers”). The airflow is mostly from side to
side across rows (3.), with not much flow
lengthways between rows. The air then
passes out of the cabin through floor vents
along the sides (4.).

Figure 5: Cabin airflow

If bleed air was always safe, and no faults ever happened in passenger aircraft, there would be no
controversies, and this would be a short paper. Next, we’ll look at what can go wrong.

So, What Can Go Wrong?
The cabin environment encompasses several
overlapping aspects. There is debate about both longterm low-level contamination issues and short-term
events (Figure 6). To some extent, the longer-term
issues relate to the overall environment and range from
air contamination that might be present at low levels, to
noise, vibration and elevated cabin pressure affecting
crew and frequent fliers.
Shorter term air quality incidents are commonly referred
to as SFO events (Smoke, Fume, Odor) events, and
Figure 6: Types of air contamination
although there isn’t a precise definition, usually involve
some combination of visible contamination (e.g., smoke
or condensation), odors, or people feeling unwell with or without either of the other two indicators.
Regulatory reporting of SFO events also provides a useful vehicle for looking at the kinds of mechanical
issues that can cause such events.
Different countries vary in their reporting requirements of SFO events on aircraft, and there is a general
belief that such events are under reported. Usually, regulatory agencies such as the US FAA and German
BFU are most concerned with serious issues relating to flight safety. Figure 7 shows an analysis of
around 12,500 events reported to the US FAA some years ago [iii]. Different analyses use a variety of
different classifications for events, and occur over different time periods, but this is a useful vehicle to
discuss some recurring themes related to reported incidents.
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Since commercial aircraft
have no permanent systems
monitoring for cabin air
events, this data set is limited
to those that were noticed
and reported to the FAA. In
addition, due to the lack of
monitoring systems, it is not
surprising that a large portion
of reported events are in the
“Unknown” category. Beyond
that, “Electrical” and “Fluids”
are the major categories.
Two points are worth noting:
1. The SFO events reported to
the FAA are incidents that
had odor or smoke but are
unlikely to include incidents
that were limited to
invisible, odorless
contaminants such as
Figure 7: Analysis of Smoke, Fumes and Odors (SFO) events reported to the FAA[iii]
carbon monoxide or ozone.
2. Some categories in the chart are likely to have more potential health impact than others. This goes
some way to explain why there is intense debate about bleed air, and the fluids that might be present
within it.
Example causes are overlaid on our flowchart in Figure 8, with some illustrated in Figure 9. Letters
indicate position on Figure 9.

Figure 8: Cabin airflow diagram of Figure 4 overlaid with some example sources of SFO events
Copyright© 2021 Teledyne Controls LLC. All rights reserved.
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Figure 9: Some common causes of cabin smoke, fume, and odor events
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The differing ways that we perceive the world around us
is another factor relevant to cabin air quality. Research
shows that we are remarkably similar in how low a
concentration of a smellable substance we are able to
detect, typically in the parts-per-billion (ppb) range or
lower; however, our perception of what different smells
correspond to vary significantly at a biological level,
which makes consistent identification of SFO events
difficult. References to “old socks”, “wet dog” and
similar terms are common, but not particularly helpful.
An example is a report of an “electrical smell” which
turned out to originate from caramelized candy a
passenger purchased in the Caribbean. Figure 10 shows
perceived odors for SFO events investigated by the
German BFU [ iv].

Figure 10: Results of German BFU study of SFO

We have evolved so that constant odors appear to
fade after a period of time (sensory adaptation). The same is not true of sensory irritancy, which can start
to occur when concentrations of some compounds reach the parts-per-million (ppm) range and the
effects can build up unpleasantly over time. Potentially this could apply to aldehydes and carboxylic acids,
which are thermal decomposition products from aircraft turbine lubricants and turbine engine exhaust, if
they were present in sufficiently high levels and people were exposed often enough.

Areas of Controversy
Whether deserved or not, bleed air is often the primary target in the cabin air quality debate, even though
typically electric fans and many other cabin items contribute a far greater number of reported SFO
events. One reason is bleed air’s possible
role as a conduit to bringing low levels of
engine oil or hydraulic fluid into the cabin,
which might be harmful for people exposed
over long periods of time. Suspicion has
fallen on engine load-bearing seals (see
Figure 11) as one source of oil, and
compounds such as tricresyl phosphate, or
TCP, in the oil as perhaps responsible for
causing harm. Aerotoxic Syndrome[ v] has
been proposed as a name for the
symptoms seen in some flight crew, but
there remains debate about whether or not
it exists[vi].

Figure 11: Illustration of a jet engine showing the
location of the first oil seal

Copyright© 2021 Teledyne Controls LLC. All rights reserved.

PAGE 10/16

Aircraft Cabin Air Quality - An overview
Aircraft such as the Boeing 787 were designed such that no air entering the engines is diverted for cabin
air use, yielding better fuel efficiency figures overall. In this case cabin air is taken in through a separate
intake on the fuselage, reducing the number of potential sources of contamination. However, certification
of the B787 was sufficiently arduous and costly so other methods of improving fuel efficiency on bleed
air aircraft are being pursued for future aircraft designs.
A second area of debate concerns the true frequency of short-term SFO events. Given the work involved
in reporting incidents to regulatory authorities and the burden of any subsequent investigations, it seems
likely that significant SFO events are underreported. However, the German BFU report [iv] also mentioned
that many of the SFO events it investigated should possibly have not been reported. It therefore makes
gaining an accurate estimate of SFO events or their cost to the parties involved difficult. Several authors
have tried to untangle this topic, see the information in the References[iii],[ vii],[viii],[ix],[x]. It is clear that there
are substantial costs involved; diversions of large long-haul aircraft can be as expensive as hundreds of
thousands of dollars per incident. Taking aircraft out of service for investigation, ground delays and
management of the public relations aspects, all add to the costs also.

The Role of Measurement
The Peter Drucker mantra, “If you can’t measure it, you can’t improve it” is obviously relevant here.
Measurement of cabin air quality on all or most regular flights is not currently mandated. Studies
performed by placing laboratory equipment on random aircraft are unlikely to capture rare events
(Figure 12), whereas even general sensing of some key air parameters on a larger number of aircraft
(Figure 13) would make a
significant difference. As
we’ve seen, there is a lack
of comprehensive,
fleetwide, long-term
measurement data that
could provide clarity on a
number of the topics
we’ve discussed.
As an example, a European
study [xi], [xii] deployed
specialized equipment to
look for evidence of turbine
oil and hydraulic fluid
markers in cabin air. It
found, according to their
measurements, that
incidents did occur within
Figure 12: Challenges of measurement of rare events
their sample set, and odors
were detected by people on the flights monitored, but that there was almost no correlation between the
two groups. A possible takeaway is that the odor events reported were caused by events not picked up
by the equipment, which was looking for oil and hydraulic fluid evidence, but it shows that this is a
complex topic requiring more data.
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Figure 13: Cabin parameters measured during an uneventful flight in 2019

The industry is responding. One area of current research activity 3 relates to measurement of cabin and
bleed air, including transient events. Experimental tests were performed in November 2020 involving
contaminants, such as engine oil and de-ice fluid, introduced into APU bleed air. Experimental tests
involving similar contaminants introduced into engine bleed air at different operating temperatures were
conducted in March 2021. In addition, those 2021 tests studied contaminants from other causes of
events, including electrical failures. Such testing is intended to characterize how decomposition products
change and how they can be measured. Part of this effort involves developing calibrated methods of
introducing contaminants in known amounts and in repeatable ways. Although it is not practical to carry
heavy and expensive laboratory equipment on every flight to identify specific compounds of interest,
continuous monitoring of combinations of compact and affordable sensors can be used to indicate the
occurrence and category of an event. In addition to knowing whether a specific pollutant was above safe
levels, detection of increases in the number of particles of specific sizes and increases in specific
pollutants can help differentiate between source pollutant types that may be present in the air.
Beyond this, an obvious element that is missing is epidemiological studies tracking the health of
individual flight crew compared to control groups over decades. The European Union will fund a study
that will start in late 2021 to evaluate long-term health effects from low-level exposures to bleed air
contaminants.

3

Work funded by ASHRAE and the FAA, feeding into SAE AC-9M and E-31B standards work.
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Summary
We’ve looked at how cabin air quality works when everything functions as designed, and some different
ways that things can go wrong. Due to the lack of comprehensive data on aircraft air quality, significant
uncertainties remain. Potential cabin air quality issues divide between short-term incidents and possible
longer-term, lower-level exposure of contaminants. SFO events can be the result of many different
causes as we’ve illustrated, and they can be expensive when they do happen. There has been a focus on
bleed air as being the main problem in cabin air quality, but there are other areas of concern as well, and
incidents are probably under-reported given the potential presence of odorless contaminants and the lack
of comprehensive data available. Research on many of these topics is ongoing.
Comprehensive, long-term monitoring of flights would help, allowing judgements to be made on
measured results, as there seems to be poor correlation between witness reports and captured events.
The lack of fleet-wide datasets is a gaping hole that needs to be filled in order to solve these problems.
As the airline industry moves towards a digitized future, the intense interest and many stakeholders
make air quality monitoring the next obvious frontier. In addition to being valuable for understanding
potential exposure (short-term and long-term), such monitoring abilities could also give airlines the data
they need to more efficiently respond to smoke, fume and odor events, prevent some future incidents
and otherwise verify the air quality in their cabin environment for crew and passengers.
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Glossary
APU:

Auxiliary Power Unit – provides air for the cabin while the aircraft is on the ground, as well as
air to assist engine starts in most planes.

ASHRAE: The American Society of Heating, Refrigerating and Air-Conditioning Engineers is an American
professional association seeking to advance heating, ventilation, air conditioning and
refrigeration systems design and construction. www.ashrae.org
Bleed Air: Compressed air taken from the compressor stage of a gas turbine engine upstream of its
fuel-burning sections.
CO:

Carbon Monoxide.

CO2:

Carbon Dioxide.

EASA:

European Union Aviation Safety Agency is an agency of the European Union with responsibility
for civil aviation safety. It carries out certification, regulation, and standardization, and also
performs investigation and monitoring. www.easa.europa.eu

ECS:

Environmental Control System.

FAA:

Federal Aviation Administration. US transportation agency and governmental body with
powers to regulate all aspects of civil aviation. www.faa.gov

GPU:

Ground Power Unit – Often low and high pressure compressed air supply external to the
aircraft provided by the airport, can be fixed or mobile.

HEPA:

High-efficiency particulate air, also known as high-efficiency particulate absorbing and highefficiency particulate arrestance, is an efficiency standard of air filter. Filters meeting the HEPA
standard must satisfy certain levels of efficiency.

OEMs:

Original Equipment Manufacturers – manufacturers such as Boeing, Airbus, etc.

OSHA:

Occupational Safety and Health Administration. www.osha.gov

SAE:

SAE International, previously known as the Society of Automotive Engineers, is a U.S.-based,
globally active professional association and standards developing organization for engineering
professionals in various industries. www.sae.org

SFO:

Smoke, Fume, Odor

TBP:

Tri-n-butyl phosphate. Found in hydraulic fluid, also fire retardant, plasticizers in an aircraft.

TCP:

Tricresyl phosphate. Possible marker for the presence of turbine oil in cabin air.
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