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I Requirements for onboard
Doppler LIDAR systems

JAXA is currently researching and developing an onboard
Doppler LIDAR system to detect clear-air turbulence, a cause
of aircraft incidents. Compared to radar, sodar, and other
remote-sensing technologies, Doppler LIDAR makes it possible
to conduct airstream measurements in clear-air conditions at
longer distances.

A Doppler LIDAR system emits laser light into the space in
front of the aircraft, receives the light backscattered by aerosol
particles in the atmosphere, and measures the difference
in wavelength between the transmitted laser light and the
received scattered light to detect aerosol particle movements.
“Aerosol particles,” which refer to tiny airborne particles with
radii ranging from 1 nm to 100 pum in size, ride around the
atmosphere on airstreams. To identify clear-air turbulence,
then, one could measure aerosol particle movements and look
for significant “shifts.”

There are some challenging elements to installing a Doppler
LIDAR system on an aircraft and using it to measure clear-
air turbulence, however. One of the issues is that the amount
(density) of aerosol particles in the air—the key resources for
measuring airstreams—is extremely low at aircraft cruising
altitudes. When an aircraft is flying at an altitude of 10,000 m,
for example, there might only be one aerosol particle with a
grain diameter of at least 0.3 pm per cubic centimeter of air.
Detecting these rare aerosol particles requires better detection

efficiency, which comes from higher levels of laser light output.

How JAXA technologies achieve
higher output levels in smaller
packages

However, higher laser output causes the equipment to
generate more heat and thereby creates the need for large
cooling devices. In other words, you need to achieve two
different, generally incompatible objectives to install a system
on an aircraft: higher output and smaller size. JAXA thus
simplified the detection process by integrating faint signals N
times to isolate the actual signals from the background noise.
To do that, researchers defined the following Figures of Merit
(FOM) to serve as indicators.
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Doppler LIDAR

This section goes deeper into the research going on at
the JAXA Aeronautical Technology Directorate. Although the
details are a bit technical, the content will give you a glimpse

of how JAXA technologies are making the skies a better place.
The first technology in the “Aeronautics in depth” series is
Doppler LIDAR, which detects clear-air turbulence.

Basically, a higher FOM value means better Doppler LIDAR

performance.

Blue: Measurement valug|
Red: Measurement valugs
integrated N times

Signal

Signal strength

Frequency

Figure 1: Improving SNR via N integrations

In 2011, after going through several prototypes, JAXA
developed a high-altitude model of a Doppler LIDAR system
capable of detecting

aerosol particles

important design approaches: using near-infrared rays at
1.5 pm and applying the light amplifier-based heterodyning
technique. Near-infrared rays at 1.5 pm—the wavelength
that has the smallest effect on humans—are common in
optical communications, compatible with a variety of parts,
and inexpensive. Light amplifiers, meanwhile, boast strength
in numbers: using more light amplifiers improves efficiency
dramatically. JAXA's high-altitude model uses an optical
waveguide amplifier instead of the fiber-optic amplifier of
previous models as a final-stage power amplifier.

While the high-altitude model weighs 150 kg, researchers

Table 1: A comparison of Doppler LIDAR systems

at aircraft cruising Model E(J) PRF(kHz) |Average outpﬂlb FOM(mJ) | Weight(kg)
. JAXA- Developed in 20p2 4.5 50 0.225 1.0 105
altitudes. Table 1 -
developed Developed in 20p6 58 4 0.232 &1 51
shows a comparison el Developed in 2007 179 4 0.716 11.3 82
of the correspon- Developed in 201 1,925 4 7.7 121.7 150
ding performance Company(sA,; airport installation2,000 0.75 1.5 54.8 2,600
L. CompanyHsrope; onboard installation) 150 20 3 21.2 N/A
characteristics. As

aircraft fly at high
speeds (covering
approximately 10 km ®

every 40 seconds at

Range (km)

cruising altitude),
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turbulence. The high-
altitude model of a Doppler LIDAR system that JAXA created
in 2011 successfully detected clear-air turbulence 6 km
ahead and 3.2 km above the shore of the Kii Peninsula during
testing in 2012. The
following year, JAXA

Figure 3: The heterodyning U F

* Pulse repetition frequency

Figure 2: Measurement data on clear-air turbulence

Altitude: 10,500 feet

Noise reduction + synthetic range processing

are currently working on ways to bring the overall weight to
95 kg but keep the FOM in the same general range. Testing is
slated to finish up in FY2016.
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(Figure 2)—a level of

precision equivalent

Windelocity data Beat sianal

to detecting one or

two golf balls floating in a 40-m? pool of water from a distance
greater than that separating the equator from an object in
stationary orbit.

JAXA succeeded in packing that incredible performance

y “E"represents the pulse energy of the laser. into a compact package that fits on an aircraft thanks to two
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[ Effective use of PSP

Pressure sensors have been used to measure the surface
pressure distribution acting on aerodynamic models during
wind tunnel experiments. Although pressure sensors are
capable of high-precision measurement, they conduct
measurement at a point known as a "pressure tap."
Accordingly, the pressure at areas other than pressure taps
cannot be ascertained, and only a limited number of pressure
taps can be installed. Conversely, pressure-sensitive paint (PSP)
measurement can ascertain the pressure distribution over the
entire surface (see Figure 1). Using PSP makes it possible to
reduce the number of pressure taps. This helps suppress the
cost associated with preparations by reducing the processing
of expensive pressure sensors and pressure taps, as well as the
laying of sensor cables.

When PSP containing a mixture of polymers and pressure-
sensitive dyes such as platinum porphyrin (PtTFPP) is exposed
to excitation light, the dye emits phosphorescence (see Figure
2). The amount of emitted light is decreased (darkened) when
the oxygen concentration is high (i.e., when pressure is high)
(see Figure 3). PSP measurement utilizes this property to
calculate pressure from the intensity acquired by cameras.

However, the PSP property in which intensity changes in
response to pressure (pressure sensitivity) changes slightly
for each PSP or model. Moreover, the intensity of PSP changes
according to the temperature (temperature dependence).
Therefore, prior to each test using PSP measurement, the
automated calibration system developed by JAXA is used to
obtain characteristic data for the intensity of light emitted by
test PSP in response to pressure and temperature (see Figure
4). In the case of wind tunnel tests, temperature-sensitive
paint (TSP) is used together with PSP in order to measure

naurics

The second “Aeronautics in depth” examines

the pressure-sensitive paint (PSP) technique

used to measure surface pressure
distributions acting on the aerodynamic

model for wind tunnel testing.

the temperature

distribution for the

model. Pressure is derived

from the temperature distribution data
and from the amount of light emitted by the
measured PSP. This pressure data is revised into
even more accurate data through combination
with the results of simultaneous pressure measurement
performed using pressure taps.

Compensating for the flaws of PSP
measurement

In the case of normal PSP measurement, model surfaces are
painted with pressure-sensitive dye mixed into polymers.
It takes several seconds for pressure changes to reach the
pressure-sensitive dye and a response to be issued. This made
it difficult to conduct pressure measurement for ultra-short
time periods and for irreqular pressure changes caused by
unsteady aerodynamics. In response, JAXA has developed
anodized-aluminum PSP (AA-PSP) coating technology which
eliminates polymers and causes pressure-sensitive dyes such
as transition metal complexes to be adsorbed

Pressure-sensitive paint (PSP) measurement

Figure 1 Anexample
of PSP measurement
Pressure

1 High Differences in the pressure

are transformed into
false colors. Blue denotes
low pressure, while red
shows high pressure. It
can be seen that pressure
is particularly low at the
leading edge of the wings.

fast pressure changes which are the cause of
vibration and noise in aircraft and rockets.

However, in the case of PSP measurement
in a low-speed flow, the small pressure
difference on the model surface causes the
measurement results to be significantly
affected by noise. This makes it difficult to calculate the
pressure distribution with high precision. The current
unsteady PSP measurement uses a blue laser diode with an
optical output of 7 watts and a high-speed camera which
has a spatial resolution of 1280 x 800 pixels and is capable
of taking 120,000 images per second. It is now necessary to
develop pressure measurement technology with a higher level
of accuracy, to develop PSP from which a large amount of
emitted light can be obtained even in a low-speed flow, and to
use a high-speed camera with superior sensitivity.

directly onto anodized-aluminum surfaces. This

makes it possible to cause changes in the intensity 1597

of emitted light during an extremely short period ]

of time (see Figure 5). By using this technology, -

JAXA has conducted the world's first successful Eo.s

measurement of pressure distribution during the

ultra-short time period of 20 milliseconds. JAXA 0 )
has further advanced this technology to realize 100" 10

unsteady PSP measurement in which a high-speed
camera is used to measure the emitted light. As
a result, it is now possible to measure extremely

r
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Figure 2 PSP structure

First, a white undercoat is applied as base layer. Next, the base layer is

covered with PSP layers which are a mixture of solvents, polymers and

pressure-sensitive pigment (fluorescent pigment) such as platinum

porphyrin. When the pressure-sensitive dye is illuminated by excitation

light including absorption wavelength (purple in the case of PtTFPP)

using a light such as a xenon lamp, the pressure-sensitive dye is excited
k and luminescence is emitted (red in the case of PtTFPP).

Excited singlet state

\ Excited triplet state
.

Phosphorescence
. Thermal ul
Absorption ivati
deactivation Huorescence Oxygen
Thermal eiding

deactivation

Ground state

Figure 3 Reaction process for photoexcitation molecules

The pressure-sensitive dye absorbing excitation light transits to
excitation state. When returning to a ground state, the emission of
phosphorescence during this process results in energy consumption.
If there is a large amount of oxygen in the surrounding area, a portion
of the excited emission energy shifts to oxygen molecules and the
emission of phosphorescence is reduced. This causes pressure sensitivity
(oxygen sensitivity) to occur in the emission intensity.
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Figure 4 Example of PSP pressure and temperature characteristics
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result using the C system developed by JAXA Significant

gradient in the pressure direction (pressure sensitivity) and slight changes in the

direction ( e) are observed.
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Figure 5 Wind tunnel model with AA-PSP coating

Test model keeps a metallic luster since only pressure-sensitive dye is absorbed after
anodizing.
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JAXA completes successful flight tests 0
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JAXA officially partners with DMAT to work on D-NET
and D-NET2 research and development efforts

JAXA'is currently working on the research and development of Disaster Relief Aircraft

Information Sharing Network (D-NET) and Integrated Aircraft Operation System for Disaster

Relief (D-NET2).* These systems will increase the efficiency of disaster relief operations b
enabling data sharing among ground stations and airborne vehicles, The key to making thesZ

systems useful is to have them verified and tested by those directly involved in emergenc
response. Thus far, JAXA has forged agreements with the Fire a .
Agency, which manages and operates firefighting and disaster relief helicopters, as well as
the Kobe City local government and other related organizations. JAXA also sig;led anew
partnership agreement with the National Disaster Medical Center in April 2015, paving the
way for the development of an effective system for the emergency disaster medi,cal field and
joint evaluations with professionals in disaster medicine.
The Disaster Mediical Center has been the head
Team (

nd Disaster Management

i quarters for the Disaster Medical Assistance
AT), a group that conducts rescue activities in disaster situations, and continues

to maintain and improve EMIS (the Emergency Medical Information System), which allows

medical institutions across the country to share information on conditions ik
status and streamlines medical activities in disaster-response efforts, By colla
the Disaster Medical Center, JAXA will be able to contribute to safer and more efficient

operations of medical service helicopters units and other resources that play a vital role in
emergency disaster medicine.

* See FLIGHT PATH No. 7/8 for more information.
—_—
v

e operational
borating with

Participants undergo the Cabinet
Office’s wide-area medical
transportation training program
on August 30, 2014. JAXA
installed a D-NET2 terminal at the

National Disaster Medical Center
(in Tachikawa-shi, Tokyo) and had
personnel evaluate the system.

FLIGHT PATH No.9/No.10
JAXA Aeronautics Magazine
October 2015

Website: www.aero.jaxa.jp

Explore to Realize

DAHWIN and Doppler LIDAR win MEXT’s Prizes for
Science and Technology

JAXA's DAHWIN (Digital/Analog-Hybrid Wind Tunnel) and onboard Doppler LIDAR system
technologies recently took home Prizes for Science and Technology (in the Development Category)
at the 2015 Commendation for Science and Technology by the Minister of Education, Culture,
Sports, Science and Technology, the latest in a series of accolades that the Ministry presents to
those who have made noteworthy contributions in the fields of science and technology.

The DAHWIN technology combines wind tunnel testing with computational fluid dynamics
(CFD), creating an integrated environment where users can do preparatory work effectively, get
easy access to comparative displays, and analyze and fuse data for both areas in a centralized
system. With the benefits that DAHWIN provides, users have been able to improve overall
efficiency and reliability levels at the design stage in the development of aircraft and spacecraft.
The onboard Doppler LIDAR system, meanwhile, detects turbulence—the phenomenon
triggering roughly half of all passenger aircraft incidents. Weather radar has never been able to
locate clear-air turbulence, which JAXA’s LIDAR system uses laser light to identify. By enabling the

detection of clear-air turbulence, the system has made valuable contributions to improvements in
aircraft safety.

Awardees for DAHWIN (left) and the Onboard Doppler LIDAR system (right)
pose for the camera after the commendation ceremony on April 15

In recognition of its advanced initiative, JAXA's Disaster Relief Aircraft Information Sharing

Network (D-NET) also received an excellence award at the first Japan Resilience Awards from the
Assodiation for Resilience Japan.

Published by: Aeronautical Technology Directorate,
Japan Aerospace Exploration Agency(JAXA)
7-44-1 Jindaiji Higashi-machi, Chofu-shi, Tokyo 182-8522

[All rights reserved] The contents of JAXA aeronautics magazine “FLIGHT PATH” may not be reproduced or

“ALWIN’, a joint development project between JAXA and the Japan

Meteorological Agency, gets ready to go into practical use

s announced that it will launch system development
" (ALWIN), which the organization has
gin FY2016.

The Japan Meteorological Agency ha
to prepare the “Airport Low-level Wind INformation’ wh
researched and developed with JAXA, for practical applications beginnint
Low-level windshear*' and the turbulent wakes created by topographical features or the
s are some of the main causes of aircraft accidents and go-arounds.
Detecting these types of turbulence is of crucial importance for a?rlines in ensuring safe,l:in—
time performance. The Japan Meteorological Agency has installed alrport V\'leather Poppler I| ar
and Doppler radar systems at several airports to provide operators with '|nf9rmat|on on ow
level windshear risks. However, the current radio-based verbal (ommumcatlon'sys‘tem limits
the wind information that pilots can receive in the cockpit to windshear alert,}wh'lch is so-called
“req-light” information. Such alerts occur only when the risk of an accident is hlghly Probjb!e.
This means that pilots have little information on winds that are not as sever'e a% red—hght but
serious enough to cause service disruptions. In fact, the lack of this level of wind information has

buildings around airport

resulted in go-arounds and missed approaches.
Using the weather information technology that JAXA has u
ct. ALWIN makes it possible to inform airline dispatchers and pilots of this impo

developed through the DREAMS
j rtant wind
roje
?nf(])rmation called “yellow-light” information, that
help pilots judge the severity of windshear. By using
a datalink system named ACARS*?2, pilots can obtain
the latest wind information in a timely fashion. Given
its versatility and benefits, ALWIN will help boost the
safety and efficiency of aircraft operations.

*| Rapid changes in Jower-atmosphere wind )
%) Automatic Communications Addressing and Reporting System
(a datalink system in use on most passenger aircraft)

Graph-tiasedinformation @dwindg
ALWIN wind infor

Displays wind data from ALWIN
in the cockpit

reprinted without prior permission from JAXA. For queries, please contact the JAXA Aeronautical Technology Directorate.



A and JAXA hold meeting on

Top executives from NA
peration

aeronautics research and coo
ASA and JAXA metin Paris for a meetin!
f the 51st Paris Air Show in June 2015. Participants
d Associate Administrator Jaiwon Shin of the

d JAXA President Naoki Okumura and Director
ectorate. This was the first

Four top executives from N g on aeronautics research
and cooperation on the occasion 0
ASA Administrator Charles Bolden an
on Directorate, an!

hi of the Aeronautical Technology Dir
cutives exchanged their views and opinions

were N
Aeronautics Research Missi
General Kazuhiro Nakahas|
_face opportunity where the four exe

face-to . .
on aeronautics research. The agenda included both international and bilateral topics and
cooperation. .

i role in the International Forum for

Both NASA and JAXA have been playing major

Aviation Research(IFAR), a unique international netw . :
JAXA has been serving as |FAR Vice-Chair and is t0 take over the position of IFAR Chair

from NASA in October 2015. At the meeting, JAXA expressed sincere gratitude for ho.w

1 has been promoted under NASA strong leadership of IFAR, while
he role of IFAR Chair. NASA also expressed expectations
public aeronautical research institutions in the

ork of aviation research institutions.

international cooperatio
NASA pledged to support JAXAn t
for JAXA to assume further leadership for
Asia-Padific region.
Other topics raised
research by NASA and JAXA. Ongoing efforts being m:

dards for sonic booms were among them. The top man A
on to continue to enhance their cooperative relationships

t the meeting included successful results achieved through joint
ade toward formulating international
t agement meeting between NASA
stan
and JAXA reaffirmed their intenti
as outstanding partners in the future.

*|FAR s the world's arch establishment network, established
in 2010 with the aim to connect research organizations worldwide. Currently, |FAR consists
(See FLIGHT PATH No. 1/2 for details)

only international aviation rese

of 26 member institutions.

(NASA), Charles Bolden (NASA),

left: Jaiwon Shin "
Naok and Kazuhiro Nakahashi (JAXA)

Naoki Okumura (JAXA),

Ceramics matrix
composites (CMC) testi
: in
Proposed by JAXA is adopted as JIS standirdeth()d

zﬁ:XA aIA'Id‘ the Japan Fine Ceramics Association
CA) jointly proposed two testing methods

f . . 1
or ceramics matrix composites (CM() J’s

(see page 18): the “Testi :
* the “Testing method fo :
r e Jls

@ i ) e
mpressive behavior of continuous fiber ey

reinf . -
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sting method for Wl

cre i i

ep behavior of continuous fiber-reinf 45 Stand

i ol orced x ards Booklet published by th
e under tensile loading Panese Standards Association ©

at elevated temperatures”

In May 2015
Industrial Standards (Is) () y » each of these methods was iss

B 1S R172.1 and R1723, respectively),
s somposnte materials to become
o reseaarr c|;eI rt]eztlng methods for evaluating the p
methods and evaluation m:t::::'\t/\jer::: ;:a's B
standards of JIS and the International Organi::t‘fvor
standards are the same, there is no need to ch::;

and overseas t
argets. For domesti.
stic ma
development. nufacturers,

ved as Japanese

widely used in industry, it is
erformance of those materials,
‘ JAXA has developed testing
king to have these methods adopted as
for Standardization (IS0). If JIS and 150
e the evaluation method for domestic
this has the merit of enabling speedy

/ respectively. In order to contribute to the

g panese a
Ini Stfyr JAXA ill ¢ tinue to col uct ac t
rowth of the Ja 1es craft indu will co ue to duct tivities aj med a

standardization in the futyre,

IID
Fibzv:.:loPment of Reuse Technology for Recycled Carbon
r"wins SAMPE Japan Product & Technology Award

0 5, the JAXA Aero autica
echnology Directo ate received the P oduct &
echno. ogy Award fro the Soaety or the Advance ent of Material and P 0cess

Egl ee gSAVPE apa ecognition o succes: projec
( J ) C I outstand g success in the researc
)

entitled
itled “Development of Reuse Technology for Recycled Carbon Fiber.”

€ use o gtWegtadStogc J (cabo ber re OCEdPﬂStCS) aircraft

omponents is increasing every year. However, CFRP recydling technology has yet to by
established, despite a probable need in th:
future. As such, this technology is attracting
attention on a global scale. JAXA developed
recycling technology and used it to recycle
high-quality CFRP for aircraft. We then used
the recycled CFRP to manufacture a life-size
winglet model. Through this prototype, we
confirmed that it is possible to manufacture
complex structures using recycled CFRP.
JAXA will continue to conduct R&D for'
CFRP recycling technology with the goal of
realizing practical application.

Life-size winglet mod
el manufact
from recycled CFRP technology e

Overhaul and upgrade of pyramidal six-component
balance for JAXA 6.5 mx5.5m low-speed wind tunnel

From October 2014 to October 2015, JAXA
is performing overhaul and upgrade of
the pyramidal six-component balance
(pyramid balance) for the JAXA 6.5 m
%5.5 m low-speed wind tunnel. Installed
under the floor of the test section, the ) e ]
pyramid balance is the wind tunnel’s key Vi 4 o %
component that supports test models via Trapsportipg the disassembled structure
for inspection and upgrade
the support device and performs precision
measurement for a total of six aerodynamic forces and moments exerted on the model:
drag, lift, lateral force, pitching moment, rolling moment and yawing moment. The complex
mechanisms incorporated into the pyramidal structure enables the balance to detect
minute changes in force while supporting the heavier model.
The JAXA 6.5 mx5.5 m low-speed wind tunnel at the Chofu Aerospace Center started
operation in 1965. Over the following fifty years, the pyramid balance had been used in
many wind tunnel tests as a very important component of the largest low-speed wind

tunnel for aircraft in Japan. In response to the concern that measurement accuracy will
decrease due to deterioration and wear occurring over the years, JAXA decided to conduct
a large-scale inspection which involves complete disassembly of the balance. This is the
e | first time that such a project has been
conducted. After having completed a six-
month period of overhaul and upgrade at
the manufacturing plant, the balance is now
undergoing the final assembly stage back
to the Chofu Aerospace Center. This project
will restore the wind tunnel to its potential,
enabling it to be used for a variety of tests in

inspection and upgrade the future.





