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Estimation of Wind Velocity

Using Motion Tracking of a Balloon
Hyeju Oh, Sungbeom Jo and Keeyoung Choi*

Department of Aerospace Engineering, Inha University

ABSTRACT

This paper proposes an algorithm to estimate the wind velocity by tracking free flying
balloons. Balloons used in this method are expendable but inexpensive, which increases the
usefulness of the method. Also we can obtain accurate 3D information by using multiple
cameras and estimate the wind velocity of the local field. The proposed system consists of
aerodynamic modeling of the balloon, a tracking algorithm using image processing, and
the velocity estimation algorithm. We performed unit tests of each algorithm for the
verification. The method is validated using a system simulation and sources of error case
identified.

Key Words : Wind velocity estimation(F< F7%), Balloon modeling(zXd X&),
Image processing(%d’d*2]), Camera geometry(7}H| 2} 7]13}%}), Camera
tracking(7}¥1 2} 57%]), Kalman Filter(Z7F ZH)

. A B Aafof gt 53] 727 5= WA AY,

F9l FBVE ARG FBAAE )T

Fa7] olFF Al vpgel W} AZIE dob  F SelA wAS A HedH, Hride FE

oF se My ZFAE v BUE 33 8 1 24 P 9L Aol Ak oy v
t Received: April 10, 2014 Accepted: September 29, 2014 http:/ /journal ksas.or.kr/

* Corresponding author, E-mail : kchoi@inha.ac.kr pISSN 1225-1348 / eISSN 2287-6871



834 287 - 24% - A7) BRI
@] IR A7IE 1T F de FHEHEA
#83 wyol Basn PO

WAz Fol F48 247 A > N\ -é
Al 14d 750l FEAE LA °l= e =l -

3 AW ZA e FEHS ST o= I ‘

TAY F dv= ARe] UAR AT F

Sk A Qoke 9ol Ao 71 F3UE

AREEE R Bl&o] Bol Ea[1], F5A %

718} AM7 A2E sondeS FHol o) A%

A71H t71e] AEE S FACE HolHEs

A= Y2l 54 F ARE g +

o] ge Hlgo] AndEth AT FTH ZAH

F2 w3 & AulE SODARSH LIDARZ 9l

t}. SODARE &35 ©]43lal, LIDARE #°] I =2 =
AE olgale] ¥UF F&E WS 94 B

= Zplo ek = AL83) o0xF8o _ T -
et S Lo IR 21 BuNE o8 53 wnaAB
o] ATH3]. 211 S53y S8 &

2 AToA Aldse ¥4 F4 WWe Fg 2 dAFelMe 948 @ BRE o] &3t
1ol M eh Zo] g3 B T4 wAYE U Mo 92 =Hsth o]FA =AY ZTAH
o 7ivetE ol &t FHS L FAAUT AR = xu TS 2HI= = 1z Wy
S ol&3sta FA AA SRS ST °ol  yorsiol A WA wHe g FHol =7
T obRE AL AAREA BE L2 FAE g gHo gN2rY F5S FPRAG T A
Argetel 45 FAA G NES AUSL B g gme 299 $49 A 2w BEHE A
= Ao 7FES YT E At ER | f835le Tao =H34T
o] =t &3 71EY] FEAS 2 v Lo .

< = . 2111 F&XNE HEE o[&F EM fIx F
Fi e ARE AEFgozn T 33 &
& Fa) e $gA7) B ol FUP 37 3 dasls
4 ARE d& F Ut 23 g FAS FA IHNE FAF EA Fig. 29 o]
Ao £ EE THAL HN9E NS #xyAs Ao,
ddepl gomx dF G wiEe S R o)e aanEA B 2oz 49 9
AestA FAS + Aok B AT dagF —
Az 9 AEFoAL 93 AF TH muzye AE UEe WHoY R= WA FiHete
FAFAL o5 Tt FAS FF WSL  eyx= vehgn, o] e AT ~(H)E W
OpenGLE AT&stel Bue BIHAT 1 4 swarst sda9 Jua2s deide o
OpenGLE FHA7IMe FI& 2abeivl G290 ge sete ga 2980 49 948 #
g oS B BHA RAGE TAE ynmaz szon g4 g 54 19 2
9. iwA A HuEAE BAREA A
R2 9A05S 811 T),%F 53 & =4
HEAQ O BoAT A7 Ty Avie
- ATANA BAHEA R FEAG o]k
— AN . N
(G- N Ry=R + Ty, (1)

Fig. 1. Conceptual diagram
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Fig. 3. Camera frame geometry

Fig. 4. Camera geometry for Zoom in/out
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Table 1. Initial Condition of Balloon Simulation 10" 10"
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Table 3. Wind Velocity Estimation Algorithm

Results
Maximum Maximum
Error Error rate
Using Image 13 BTN
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Using Image
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Table 4. Initial Condition(Steady Wind)

Simulation Time (sec) 20 sec
Period (sec) 0.04 sec
Number of Cameras 2
Focal Length (m) 0.1374 m
iy [0, 100, 0]
P bl b
Camera Position (m) 1100, 0, O]
Camera Orientation (deg) [_[80_5;800;)]
Wind Velocity (m/s) [2.0, 2.0, 0.0]
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