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I\/Iotivation
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 Turbulence categories
« Convective turbulence =
» Mechanical turbulence = 2} 5 = gt /i
* Mountain waves .l & ;&
« Wind shear turbulence h *~ i #*

« f7 & % 1@ 5* Pilot Reports (PIREPS) % # 317 @ #7uig chagt iin
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Atmospheric Turbulence Intensity Metric
X ‘\J: -2 &4, v 2 _ L)/ S -2 &, "\

PR EE T RARRANE

- EDR (Eddy Dissipation Rate) is the official ICAO and WMO atmospheric
turbulence intensity metric. ICAO Annex3 (ICAO 2010): the turbulelnce shall be
reported in terms of the cube root of eddy dissipation rate (EDR = €3)

* The EDR is an aircraft-independent measure of turbulence.

 The relationship between the EDR value and the perception of turbulence is a
function of aircraft type, and the mass, altitude, configuration and airspeed of the
alrcraft.

Table 1. Turbulence intensity scaling with respect to eddy dissipation rate (EDR) values.

Turbulence Indicator

Turbulence Peak EDR (E% unit: mzfz’s‘l)

<01 0.1-0.2 0.2-0.3 0.3-04 0.4-0.5 0.5-0.8 >0.8

<01 0 1 3 6 10 15 21
0.1-0.2 2 4 7 11 16 22
0.2-03 5 8 12 17 23
Turbulence mean EDR 0304 9 13 18 24
(¢3 unit: m¥3s71) 04-05 14 19 25
05-0.8 20 26
>038 27
Turbulence intensity :lti:lh(iy weak turbulence tﬁi‘%iiife tu:I:)I:lIE ce

(Huang et al. 2019)

%
EDR (m?/3s—1)

(ICAO 2010)
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Algorithms to Estimate EDR 6

(1)Kolmogorov Energy Spectrum (Kolmogorov, 1991)

E(k) = Ae?/3k=5/3 (E(k): energy spectrum, A: constant, k: wave number)

(2)Onboard vertical wind-based (Lenschow 1972, Sharman et al. 2014)

12
. . . 2 k ~W
— -1 2 ]
w = V.. (sina, cosf cosg + sinf cosf sing w2 | AT —Dimikim 13 Y i St
_ . ﬁc_fm ij € &= k., —k, +1 ,~ smodel
— cosa,, cosB sinf) — IVV — M6 cosb s j=0 h T =k O

w: the vertical wind estimate from True Air Speed
0: Inertial Navigation System
1\VVV: Instantaneous Vertical(lifting) Velocity
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Algorithms to Estimate EDR 6

(3)Accelerometer-based EDR (Cornman et al. 1995 )
f, ) f:n 1/2
&y =G JF(f. f,) %= L H(IS,,(df F(fy. f,) = [L IHU}IE%G}JJ‘}

0, the variance 1n the aircraft’s vertical acceleration
S+ the temporal vertical wind spectrum
H: the product of the aircraft vertical acceleration response function and bandpass filter

(4)ADSB EDR (Kopec¢ et al. 2016)
e = BozV 1
B an adjustable constant accounting for the unknown responsiveness factor of the aircraft

or. standard deviation of acceleration measurements in a set period of time T
V' true air speed (TAS) of the aircraft
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EDR Observation Approaches

Derive from Doppler lidar (Chan 2010) (scanning)

Derive from radiosonde sounding (Ko et al. 2019) (point)
Derived Equivalent Vertical Gust velocity (DEVG) (Pratt and Walker 1954)

Derive from aircraft vertical motion (Huang 2019) (3D)
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EDR Observation Approaches (ours)

Pitch Axis

 Derive from aircraft vertical motion (Huang 2019)
* Onboard vertical wind-based (Sharman et al. 2014)

e

~ 2> [
= g/ $E /4R -
.:r.i 4“@&/@& ‘ﬂ‘é’bx‘ R& & Roll Axis
Yaw Axis
Table 3. Parameters in the QAR data used for EDR estimation. TaBLE 1. List of required parameters and minimum update frequencies for the vertical winds-based EDR algorithm.
Min recommended Min recommended
Field Name Interpretation Unit Parameter Symbol Units sampling frequency (Hz) precision
IAS Indicated Airspeed my/s Aireraft & Required parameters
. . ircraft type — —
VRTG Vertlca! acce.leratmn g True airspeed Vy ms~! 4 0.036m s
RALT Radio altitude feet Left vane angle of attack ay ° 4 0.05°
PITCH Control column position degree R'(T = noge “Pl’) ek A 00
iy . . t tt ° : .05°
vv Instantaneous lifting velocity feet/min g1 vane angt of attas R >
o (+ = nose up)
ROLL Control wheel position degree Pitch (+ = nose up) ] ° 4 0.02°
AQAL Angle of attack left degree Roll (+ = right wing down) @ - 4 0@
AOAR Angle of attack right degree IVV (+ = upward) v ms oo 0005 ms
HEIGHT Heicoht foet Parameters useful for initial verification
elg ec UTC date and time — 4 0.125s
MACH Mach Number - Lat ° 1 0.0002°
LATP Present Positon Latitude degree [';"“ . S J" 0.0002
g . ressurc a Z b 4
LONP Present‘ Position Longitude degree Vertical acceleration o 4 0.003 g
WIN_SPDR Wind speed FMC knot Current aircraft weight W Ib 4 1001b
WIN DIR Wind Direction computed knot Wind speed kt : Lkt

Wind direction

(Huang 2019) (Sharman et al. 2014)

1°
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Motivation

Our simple airborne sensor box (SASB)

i

. FC (H743) NT$2275

* Inertial Motion Unit (IMU)
» Accelerometer| 4 :¢ &

« Gyroscope Py
BB A
« Magnetometer At

« GPS & Compass NT$950 ' '
* GPS (adly R 2= | GPS & Compass
 Compass P ) e \\ |

» Using Extend Kalman Filter (EKF) to | |

Integrate INS and GPS
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ADSB/Automatic Dependent Surveillance Broadcast

®

o Automatic
TR AR ER A G A A

* Dependent

o & * i 1% GPS IMU% % ffuﬁ'{ﬁ% ﬂ|qht|'|]d|][24
 Survelillance
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Data Processing

o« PR AR
o 4vig & (IMU): 50 Hz
o B4 A (ATT): 25 Hz
* SR B AE(GPS): 5 Hz
* ADS-B: 20s

° ;;"h‘ ﬁi/f@/@/ﬁ AT

SASB
Airborne Sensor vertical acceleration
Box 0.1s
——» EDR Estimation _ 3y7—1
FlightRadar24 TAS - GPS
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Overload Increment

An =VRTG —1

VRTG: vertical acceleration of the flight

Table 4. Air turbulence intensity and the corresponding overload increments.

Turbulence Intensity Overload Increment Range (g)
steady flight |An| < 0.2
weak turbulence 0.2 <|An| <05
moderate turbulence 0.5 < |An| < 0.8
strong turbulence |An| = 0.8

(Huang 2019)
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Case 1 —summer afternoon thunderstorm at RCSS (Taopel Songshuan airport)

* RCFG - RCSS ATR 72-600 B7-8762 15:00~16:00 Lst
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Case 2A: RCFG —> RCSS ATR 72-600 (B7-8762) 15:00~16:00 Lst

2023-08-23-15-02-00

2023/08/23

Radar: 15:30 Flight: 15:30-15:35
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Case 2 — Autumn Frontal weather RCSS-R(;FN

2023/10/27 00:00~2023/10/27 07:00
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AVAIATION service of CAA Taiwan _ webnise for NCAR/WRF turbulence forecast
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An (g)

Altitude (m)

Autumn Frontal weather RCSS->RCFN (10-11:00am)

Time evolution of ASAB
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Case 2 — 2023/10/27 » L,-¥ & B7-8721

2023-10-27 10:27:08 2023-10-27 10:27:44 2023-10-27 10:27:46

]
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Case 2B — Case 2A return flight RCFN >RCSS

* ATR 72-600 (10/27, 18:40-19:40 Lst)
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Autumn Frontal weather RCFN->RCSS (18:40-19:40 Pm)
Time evolution of ASAB

2023/10/27
Radar: 10:20 Flight: 10:26-10:28

PIRIIDMNIIMIMNMN)

)
o9 .
(4 ) a

2023-10-27-10-00-50

)) ))",
- .‘

}

)

GPS Speed (m/

w
o

F 150 2
E
[ L5
5 100 §
= N
< 1000 4 \ F
0 ; . T T T T :

ol | ENAN N ] ENRRTERNRNRNRN IPURY ENRARARNY ERNRNRNRRN AN [T
- f\&\,\/\ﬂf\wwﬂ/\ﬂ\}

T T T T T
10:00 10:05 10:10 10:15 10:20 10:25 T30 10:35

e

J

o
o

T T
10:40 10:45 10:50 10:55 11:00




Autumn Frontal weather RCFN->RCSS (18:40-19:40 Pm)

Time evolution of ASAB

2023/10/27
Radar: 10:20 Flight: 10:26-10:28
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Autumn Frontal weather RCFN->RCSS (18:40-19:40 Pm)
Time evolution of ASAB

2023/10/27
Radar: 19:00 Flight: 19:09-19:11
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Autumn Frontal weather RCFN->RCSS (18:40-19:40 Pm)
Time evolution of ASAB

2023/10/27
Radar: 19:10 Flight: 19:14-19:16
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EDR

EDR

Autumn Frontal weather RCFN->RCSS (18:40-19:40 Pm)
Time evolution of ASAB

RCCC->RCFN (10:00-11:00 Am)
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Summary

* Our tiny/cheaper solution (SASB) plus ADSB dataset our could get
the in-air onboard measurement of ATR-600 TURBULENCE AT
Tailwan route.

 Our next step Is to use fix-wing UAV + ASAB In sever weather.

* We will use this ASAB pack in our western Pacific dropsonde flight
mission (Taiwan/G100, Japan/G400) jet airplane in the rainband/eye
of typhoon cases.



