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ABSTRACT

This paper describes a ground monocular vision-based measurement algorithm measuring
relative range and position of aircraft using the information of wingspan and optical
parameters for the camera. A technique obtaining an aircraft image is also described in
this paper. This technique can be used as external measurement for autonomous landing
instead of ILS. To verify the performance of these algorithms, flight experiment is
performed using light sport aircraft with GPS and monocular camera. Finally we obtained
the reasonable RMSE of 1.85m is obtained.

z =
B =R AdodA @t RAAE ol &ste FE7]Y A fAE SH s T
dete] Zlsstet, g3 A= FE71e AP E Fheete] @st geprHE o] &3k
2o A 2 A AAE Sk WS AN B3 &7 IS FE8H7] 9
st G 7S ol &dke WHES AASIAH. g Ve ILSE WAE 37
AsHE Aadoer olgd F k. Al oA B AY S des HASE] Hsko
ARl 718k GPSE ©] 83ty des ATstAem 1.8me BFdAlw a7k TS
Zelst At
Key Words : Vision Processing(%’3*]2]), Monocular(¥3}), Relative range(’dth A 2])
. A & S A Ao gAY gFE d4 VE2]=
N ot @V‘] 7kAol FolAA "ot o]l
HZ BAFFTVIE dAZA E8&st= A7 wet A7E JhEE ol&ste] FFUle A
F7kstaL 9lom, ol met o]FF Atng HA] 9AAE SAY F d= WHE At 6]":]'
S7Feta Aok olFF Al WAstE AlASS Y B AAE o] &3 FE7e Al fA A
F7] flete] Hxo AVIAFEALH[1]E AR W F5, IHE HIRS] sidMxe #d
= Aol asiAR, & JHHo R ®Bygd oy A7t F3E Aol oy "FRrES 79 FF

t Received : September 16, 2014 Revised : March 18, 2015  Accepted : March 19, 2015
* Corresponding author, E-mail : baenggi@pusan.ac.kr



290 435 - 0% G -

nm
S

i R i 72 T e B

Fig. 1. image of the aircraft installed LEDs
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Fig. 2. relative position measurement
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Fig. 4. binary image of the aircraft
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Fig. 7. Pin—hole camera model
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Fig. 9. Measured wingspan in image frame

Fig. 10. Detected wing in the image
(red line means wing)
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Fig. 11. Measured relative range of the aircraft
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Fig. 12. Relative measurement error (m)
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Fig. 13. Relative measurement error (%)
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Fig. 14. Trajectory of the aircraft
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Fig. 15. Relative range of the aircraft
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Fig. 16. Measured relative range
of the aircraft

Table 1. Mean and RMSE, STD of

3-dimensional relative position

RMSE
(m)

8.92 45.38 5.59

Mean(m) STD(m)

|y A

2.44 43.39 2.60

141.04 297.11 84.32
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Table 2. Mean and RMSE, STD of 3-D relative
position(less than 2km)

Mean(m) | RMSE(m) | STD(m)
(;i) ~4.04 526 1.83
Gy | 149 5.45 5.25
sy | 3247 | 6774 | 5950
50 relative position [x-axis]
position(vision)
position(GPS)
0,
_50,
-100

0 100 200 300 400 500 600 700
frame

Fig. 17. relative position of x-axis
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Fig. 18. relative position of y—axis
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Fig. 19. relative position of z—axis
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Fig. 20. measurement error of an wingspan
by heading error
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Fig. 21. Relative range of the aircraft
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