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Table 1 Advantages and disadvantages comparison of direct and coherent detection schemes

Advantages Disadvantages

1) Complex optical frequency discrimination

Direct 1) Strong echo signal at high altitude 2) Low sensitivity and accuracy
detection 2) Simple signal processing 3) Susceptible to disturbance from background light
3) Ability of all air parameters measurement 4) Big size, weight and power, high cost
5) Low level of human eye security
1) High sensitivity and accuracy
Coherent 2) Small size, weight and power.low cost 1) Weak echo signal at high altitude
detection 3) High level of human eye security 2) Can not measure temperature and air density
4) Flexible connection and high reliability due to all 3) Complex circuits and algorithms
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Fig. 19 The experimental prototype of NCAR
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Fig.20 Ultraviolet turbulence sensor prototype of EADS Fig.21 Ultraviolet anemometer of DLR
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Table 2 Partial performance of reported laser systems for air motion parameters

Reporting Work Velocity Angle

year wavelength accuracy  accuracy Flight test vehicle Scheme Typical application
Honeywell 1971 0.6 um Unknown Unknown CV990 aircraft Coherent
NASA 1993 10.59 pm 1m/s 0.6° F-16 aircraft Coherent
OADS 2014 1.5 pm 0.5m/s 0.5 Dauphin 6542 helicopter Coherent A ccurate measurement
Ophir 2005 253.7 nm Unknown Unknown — Direct of air motion
M.A.Corp. 2003 266 nm 2m/s — King Air 300 Direct parameters
AVIC CAIC 2018 1.5 pm 0.5m/s 2° — Coherent
AVIC FACRI 2020 1.5 pm 0.5m/s 1° — Coherent
Boeing 1995 1.064 pm  1m/s  Unknown DC-8 aircraft Coherent
Crouzet 1979 10.6 pm  Unknown Unknown A340 aircraft Coherent  Flight calibration of
Thales 1991 10.6 pm 0.25m/s Unknown A340 aircraft Coherent  conventional air data
Thales 2011 1.5pum  Unknown Unknown — Coherent system
ONERA 2016 1.5 pm 1m/s 1° Piaggio P180 aircraft ~ Coherent
NCAR 2011 1.5 pm 1m/s — Gulfstream V aircraft ~ Coherent
EADS 2007 355nm  16m/s = —— ATTAS aircraft Direct  Detection of wind
shear and turbulence
DLR 2016 355 nm — — Cessna Citation2 aircraft ~ Direct

3 RE

W 5 O 2 A A DR T A e A KA A3 T A 38 U0 5 5K T AR R O R 2 B B B0 B R A B T
PRAY S J o AR SCERIAR T WO Rz 3 2 80 B HOR B9 SRR S8 BE D7 58 DL R G AF SR B AR S S 00 o AT A1
RIERT , WOt KAz 3 2 B0 i HOR K A L, ©IF & 2 R e HLal ™ JF 22 00 T AR 2 AT IR
K, BB T R U B s SOl 2256 o T SOUL I Y 2 T EOR AT b T BRI ST B B, SR T S BRI
DA K FH AU ATS A AR R B 4 T 23 1]

T ) oA R A BIL 3 T, SO/ Rz 3 2 800 R GEE ) /N AL R E R RIIRE DT 1) A o A L AR R
W75 58 A B0 7 58 BAT PR AR R AR /s AR DR R s AL A AT A PO R BR R B R B (Siize
Weight and Power, SWaP) i 25K , — 2 B N SMIF 58 B9 B Rl BoR o A 4R DN 07 58 H AT A7 A T R 350K 3
B : 1) 75 o 25 IR Pl T 00 I B AT ol 5 0 A BE AN AT SR M AR 25 s 2) N RESE LR IR E KRB S S 4L
W, B OO H AR LA R A5 5 AL B R B R 5 A S B s R U R AR A B T R B
SR R T AR o AR R T B B RN A Bl A RO i T B S B, W s B s R
Tt AT DN IR B AR AE o T 1.5 pm AR EE 2 pom BO6 B9 IR 22 4 (R iR — > R 2, B 1.5 pm 5 S A £F
J5 58 AT & e o' 36 34 e ] P R 8 A M R 1.5 pm OK Y 42 Y6 EF S B AH TR DN T ZE K A 3 T A
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Advances and Prospects of Laser Measurement Technology for Air
Motion Parameters(Invited)

YUE Yazhou'?, LI Bin"*, LEI Hongjie"”
(1 Xi'an Flight Automatic Control Research Institute, AVIC, Xi'an 710065, China)
(2 National Key Laboratory of Science and Technology on Aircraft Control, Xi'an 710065, China)

Abstract: The air motion parameters (such as air speed, angle of attack, angle of sideslip, etc.) of an

aircraft, which are important source parameters for flight control, navigation, and mission decision
making, are usually measured by traditional airborne air data system, and can be used in flight stability
control, accurate navigation and precise weapon launch. But the traditional air data system can no longer

meet the performance requirements of modern military and civil aircraft in maneuverability, stealth,
reliability, safety, comfort and economy due to the performance defects, such as measurement failure at

low air speed and large maneuvers, significant aerodynamic delay, pitot tube icing, poor stealth

performance, susceptibility to aircraft air turbulence, requiring complex compensation, etc., which result

from its mechanical, nonlinear, near the fuselage measurement characteristics. To overcome the defects of

the traditional air data system, the method using laser technology for measuring air motion parameters was
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first developed abroad, which can completely solve the defects of traditional airborne air data system due to
its characteristics of high accuracy, high linearity, measurement far away form fuselage, embedded
installation, etc.. In this paper, the principle, characteristics, advantages and disadvantages of the
traditional method and laser method for measuring air motion parameters are compared and analyzed. The
obvious advantages and advancements of the laser measurement technology for air motion parameters make
it a research hotspot at home and abroad. Throughout the technology development, the laser measurement
technology for air motion parameters can be categorized two schemes including direct detection and
coherent detection. The principle and composition of the two technical schemes are presented. Then the
advantages and disadvantages of the two technical schemes are compared. The two technical schemes of
laser measurement technology for air motion parameters, which have their advantages respectively, are
developed synchronously nowadays and have been widely used. The application areas mainly include three
aspects: accurate measurement of air motion parameters, flight calibration of conventional air data system
and detection of wind shear and turbulence ahead of the aircraft. In this article, the development and
application are mainly reviewed in these three aspects, and the achievements of prototype and flight test
results in these three application aspects are provided. As can be seen from the research reports, the
research institutes are mainly concentrated in Europe and America, including OADS corporation, Ophir
corporation, Michigan Aerospace corporation, Thales corporation, ONERA, EADS, DLR, etc. Many
flight tests have been carried out and a large number of test data have been accumulated by these institutes.
At present, the prototype which can be equipped and applied has been successfully developed abroad. In
contrast, domestic research is relatively backward, the main research institutions are AVIC CAIC and
AVIC FACRI. In recent years, the principle prototype has been reported by the two research institutes
respectively. The development direction of the two schemes of air motion parameters measurement
technology are prospected respectively. The coherent detection scheme is likely to be first equipped for
airborne application due to its low size, weight and power property. The detection capability of the coherent
detection scheme at high altitude up to tens of kilometers needs to be continuously improved. The direct
detection scheme should further reduce the size, weight, power and costs to meet the requirements of
airborne applications. The application of quantum technology in laser measurement technology for air
motion parameters is prospected. In the future, single photon detection technology and quantum
enhancement technology based on compressed state photon are expected to be applied to improve the
detective sensitivity of the system and achieve ultra—sensitive detection. In view of the huge development
gap between home and abroad, some useful suggestions are provided for domestic research of laser
measurement technology for air motion parameters, such as robust related industrial chain, focus on low
SWaP performance design, strengthen cooperation, increase capital investment, etc. The purpose of
review and further clarification of the principle, application and development trend of laser measurement
technology for air motion parameters is to provide a useful reference and new ideas for the researchers
engaged in prototype and application research, and to promote the in—depth application of laser
measurement technology for air motion parameters in aviation fields.

Key words: Air data system; Optical air data system; Air motion parameters; Laser Doppler lidar; Air
data calibration; Wind shear; Turbulence
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