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In order to evaluate the researching and operational usability of unmanned aerial
vehicle (UAV) on typhoon and heavy rainfall severe weather conditions, this program
will use Aerosonde MARK-III to reach the objectives. Jack-1.0 UAV made by Taiwan
Aerosonde Team (TAT) has GPS navigation and autopilot performance, and be tested
in the field for weather observing mission. The UAVs? ground bases, Ken-Ting and
[-Lan airports, are legal under Civil Aviation Administration agreement. Severe
weather cases existed in the northeastern coast of Taiwan and Bachi channel are the
main targets for UAV f{lights. Aerosonde uses UHF radio communication for
short-range flight, and the real-time meteorological data was sent back through
internet network into the computer server at Taipei. Long distance flight of Aerosonde
uses Iridium satellite communication solution. Flight-level data, including
geo-location, temperature, humidity, pressure and wind field, was managed by
MySQL database and be displayed as web-format in. This quasi-real-time observing
information provides unique in-situ information of typhoon structure for Central
Weather Bureau.

Two reconnaissance flights with Aerosnde in Typhoon Haitang and LLongwang had
processed in 12 and 11 hours individually. Caused by the satellite communication
failure, the flight in Typhoon Haitang only collected the outer band of typhoon
circulation between Ken-ting and Lan-yu Island . But the flight in Typhoon Longwang
penetrated the typhoon circulation well and made a vertical sounding observation in
the eye. It made the first record around the world by using UAV for typhoon
reconnaissance flight well. The unique in-situ typhoon-crossing data could be the
reference sample for vortex bogus factors used in the numerical models. TAT also
designed a cheaper UAV, called Jack 1.0, and had 365-minute 12 test flights
completely around Ken-ting Peninsula. Preliminary data analysis shows this Jack 1.0
UAV could play well for the land-sea circulation study.

Kev words: unmanned aerial vehicle, autopilot, satellite communication
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¥R S 2 A~ A~ BRE -~ R o~ Gk
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(f) 2005 %7 A 16~18 B # £ B REAZ & &% » TAT /213 4 # 3% # /7 Acrosonde ft
FrER g o RN 21~22 B 47 Jack EUAV fe4AT8R3E - R 2 X TR A WE
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Typhoon Lengwang Tangential Wind (3.5 km, EGBVTD)
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HWIND Aerosonde Plots/

Ophelia 16 Sep, 2005
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Bl 28: NOAA NewsLetter 24 2005 % 9 A 16 B Ophelia 8 & # WP-3D(& &)
Fa Aerosonde(Z &, )3 Fo R R E iR 1E o

B 29: £ NOAA #1 NASA 4[] 3h 4769 Altair Integrated System Flight
Demonstration Project 3t % (http://uav.noaa.gov/altair/index.html) °
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B 30: Aerosonde at Guam for AFOTEC Weather Scout trials
(http://www.aerosonde.com/drawarticle/128) -

500 meters above cloud: ;
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albedo
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wates content, drop size
testribution

300 meters bedow cloud
aemsol concentration, clogd
condansation nuclsl,
transmitted =olar radiation

B 31: Global Albedo Project (GAP)proposal {8 8 #22 UAV [ % # AT R B & K&
%5 HHERRIHE 8 -

(http://www.ucar.edu/communications/quarterly/summer05/reflective.html)
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Bl 32: 72 B Braunschweig # 4% K £ 3% 3t @ £ % B8 2 & % MAV
(http://www.m2av.de) °

32



B~ 2ER

B4k 0 2003 M S E WAL A2 R F A5 5 & 4 (QPESUMS) &
B oo BT EREEA TR ERRFARIEET G 46 -

AR, Wi, ERE, 2004 4% & BEE 2 GPS dropsonde e 18 & #7781 K 56--
TRt E] ) 6 RESE AR R TR R A o AR 0 373

ZRE 0 IR MRIEAE 0 2005 1 BUw AR R 45 F R 64 TREC £ 47 R IR e R
B3 e RASHBARA T, YRARA, G-

I 0 1998 BAEIEREARARLGER o £ AEERE/RE B AT R
RERERAMNE  TREREAHIEHEE 1825

MR ZFE XA ARRAE 02000 A ERTRAMBARBKEEZZE
FHSET o AR AFF 0 28,243-262 -

M EFH.ERZ. 2, 2002: BARKBIEEZ | —HANKARXRERRZ
HoRBARITRE. F 1+ —BRERHRERFH 347 -

A g 0 2003 1 =48R RUR AU B B AR & 09RERAodn B R R o R R &
By REXARMEEANTEG > 64 -
PR IR 3 7%, B 8, S 15 1,2004: ASTRA ##% #2 Dropsonde 45 % 8/ A& % 4 Bp
BEBRs T AREERRR. FANE2BEARMAERANE, ERE -
Mg > 2000 BARABREAZEFARLNER - 2] L EFRLABGE
Wit g HEAR

i > 2000 C RARTRERZEA T BER > 2000 £ ARTREHATHIE
Ratste - 64db -

Aberson, S. D., and J. L. Franklin, 1999:Impact on hurricane track and intensity
forecasts of GPS dropwindsonde observations from the first-season flights of the
NOAA gulfstream-1V Jet Aircraft. Bull. Amer. Meteor. Soc., 80, 421-427.

Chen, C. S.,C. Y, Lin, Y. J. Chuang and H. C. Yeh, 2002 : A study of afternoon heavy
rainfall in Taiwan during the mei-yu season. Atmospheric Research. (in press).

Franklin, J. L., S. E. Fruer, J. Kaplan, and S. D. Aberson, 1996: Tropical cyclone
motion and surrounding flow relationships: searching for Beta Gyres in Omega
dropwindsonde datasets. Mon. Wea. Rev., 124, 64-84.

Holland, Greg, Tad McGeer and Harold Youngren, 1992: Autonomous Aerosonde for
Economical Atmospheric Soundings Anywhere on the Globe. Bull. Amer:
Meteor. 73, 1987-1998.

Holland, G. J., Webster, P. J., Curry, J. A., Tyrell, G., Gauntlett, D., Brett, G., Becker, J
Hoag, R., Vaglienti, W. 2001: The Aerosonde Robotic Aircraft: A New Paradigm
for Environmental Observations. Bull. Amer. Meteor. 82, 889-902.

Holland, G.J., 2002: Tropical cyclone reconnaissance using Aerosonde UAV. Bull.
W.M.O., 51, 235-246.

Jade, R. S.,2003: Assessment and capabilities of the Aerosonde robotic aircraft for use
as an atmospheric observer. P.h. D. thesis, Department of applied physics,
University of Technology, Sydney, Australia.

Jade, R. S and K. McGuffie,2004: Intercomparison of atmospheric soundings from

the Aerosonde and radiosonde. J. Appl. Meteor. 43, 1260-1269.
Jian, G. J., S. L. Shieh and J. A. McGinley, 2003: Precipitation simulation associated

33



with typhoon Sinlaku (2002) in Taiwan area using the LAPS diabatic
intialization for MMS. J. Terrestrial, Atmospheric and Oceanic Science, 14,
261-288.
Lee, K. H., H. L. Chin and P. H. Lin, 2005: Tropical cyclone wind retrieval using
modified TREC method with radial velocity data added. 32" Radar
Meteorology Conference. Albuquerque, New Mexico.

Lin, P. H. and W. T. Jeng> 1998: Aerosonde data acquired during SCSMEX. IX Pacific
Science Inter-Congress, p49.

Lin, P. H., C. S. Lee, W. D. Jeng and M. S. Lin, 2001: The diagnosis of Aerosonde
data acquired from the South China Sea Monsoon Experiment. The Scientific
Conference on the South China Sea Monsoon Experiment (SCSMEX), 17-20
April, Shanghai, China, p73.

Lin, P. H., C. S. Lee, T. C. Yen and H. C. Lee, 2002: Flying into Typhoon Haiyan with
UAV Aecrosonde. International Conference on Mesoscale Convective Systems
and Heavy Rainfall/Snowfall in East Asia, 29-31 October, 2002, Tokyo, Japan.

Lin, P. H., C. S. Lee, T. C. Yen and H. C. Lee, 2003: Flying into Typhoon Haiyan
with UAV Aerosonde. 12th Symposium on Meteorological Observations and
Instrumentation . 83rd AMS Annual Meeting at L.ong Beach, California.

Lin, P. H., Y. H. Chen and C. C. Wu,2005: The Development of Real-time Airborne
and Dropwindsonde Data Acquisition System on Laptops. 2/th International
Conference on Interactive Information Processing Systems (IIPS) for
Meteorology, Oceanography and Hydrology . 85rd AMS Annual Meeting at San
Diego, California.

Lau, K. M. Y. Ding, J. T. Wang, R. Johnson, T. Keenan, R. Cifelli, J. Gerlach, O.
Thiele, T. Rickenbach, S. C. Tsay and P. H. Lin, 2000: A report of the field
operations and early results of the South China Sea Monsoon Experiment
(SCSMEX). Bull. Amer. Meteor. Soc.,81, 1261-1270.

Wu, C.-C., and Y.-H. Kuo, 1999: Typhoons affecting Taiwan: current understanding
and future challenges. Bull. Amer. Meteor. Soc., 80, 67-80.

Willoughby, H. E., 1998: Tropical cyclone eye thermodynamics. Mon. Wea. Rev. 126,
3053-3067.

34



M+4% A: Aerosonde % 3E /E R A2

()& ix

B TAT AT HEGREABRAOKRSHER  HERARBIREZRBELARE
EHREEXBPHOENE ALAELEERY TATERAAAREZERERESR
P PIEBRABLERRBAE TR BALTERTFSEH 6 A EEBRTY
BT % &4%% Aerosonde fiifa Mk B3& M > A R HEBIRFBRITOE
B ERAMAAREEEER  UBLARERTGR T EIWAKR B - Stage box UA
BAEKALGERGEETEK -
(b) et 40 K fLip &

Pl AWER TR RE - EH @K Aerosonde > 3 SR MARR] ~ AR ATZ &
1B Ml T4F - Acrosonde Z A E N A ZRI 5 —RBHREF S EE > =&
Ttz H m¥ > = 2ot RSO0-PTU 1A R 522 e 4% & oo 25 47 8 0] 9238 A8
A
(c)s& A R A2

Aerosonde & 45 4t KA > B FHBMBTABR LER T BE R T HHE
WA MBI E BT EATHERE S H A RRERREF RBEERE
£IAB » BiF
Aerosonde 5| BB - MK BEL—FAE - BREAMATHA -

& etk e @ R E

BT FERMRE -

WERGEEERARN -

K& EIRAE A H T B o

BERAERMERERAB ST BHERLEHKL -

7. AAKRTEAR -

(d)e e MF % g 72 & B 4%

Aerosonde it @A %22 > ARRFLAME H DB R RS E Rioik 0 Gib@mREN
EFTHEXETH RS T HEE B RIE TR - —E Acrosonde % ik A2 20m/s
(BFik 72km/hr) BPA R FNMBEEHRE b FHERBEATRAHE =
AL TR BEAS AT - Ae/RiE T 8K B B A 4F 5 F $)454F Aecrosonde £ 7% )R
5 BARMEEE T HER Acrosonde RATE EMRMR BB BRIERZ T
R AEMB R EMEES G  HSHTRE RTIER - KB B kR TDMA
BT RERRAT - BERFBRIGIEE » BP o4 TDMA £ 4a 1w | local £ 48 »
B FHiEft AR 2y K% - TDMA #%EFHEETHA S
#@MA %k » —5%& UHF & 4E(150km $#FH > £ %)~ —5=& Iridum 45 2 @ Bi( 2

HREE By NTST6 Ll EE) -

(e) R ATHAE

Aerosonde By RATEAL X EA MMEF X > —ZFALREI AN —ZBPBFE LA -
AERFERG —CooE 8 (oA M E ) A ABGBE B RkEFs —&
o BHAR M S AT S — R A o k0
BRI ERTHEMETR » 7T THRBS GG F AR AR G X 45

o ZR_BEBMRIT RMAAAAWAR S ARG EEERE — T H LA
F > Aerosonde B R BP RIS FE T MA KN E ] INE o BPEFLE E EIASLE T
#@ > Aerosonde FIER XL BJA—HHEEBAZIXFH B AMELHIE
GEBEURBHEETR: RATBESL —HBBE  FXFEHRAE—FHE — 5N
AR B RRATE 2 RAEFE A RATIS R AP F 5648 210 T BB R 2ok

35

AR e



RESHEARGHEEERTY -

OHEHDEREE

& Iridium & UHF F e RAMCE R LB H €5 0H S48 4EBEE
LHEABRAFLE LTRSS MySQL B4 E » %K1 3 d PHP % Perl 5%
AEMEAA 110 4R RMEEHENEFREI D LORAMLE  RITAR
SEMHABETAEIEE ERNBLEEHFRIAFHAFI TN ZH  EREH T
FEBRIERI B RRARLGE ] e BV ATAR BB R T E—LH TR REpstiR
LRGN R AT R Y8 -

36



