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ABSTRACT

Vision-based Relative Navigation System for
Autonomous Aerial Refueling

Yoon, Hyung Chul
Advisor : Prof. Henzeh Leeghim, Ph.D.
Department of Aerospace Engineering,

Graduate School of Chosun University

This thesis presents vision-based relative position and attitude estimation system.
Image processing algorithm have been proposed to apply relative navigation algorithm.
First filtering is performed through the preprocessing and labeling process and object
recognition and detection algorithms are performed on the selected objects

Target object recognition and identification determine the success of the mission.
Several operating environment features are used to ensure accuracy of target object
selection. First, we reduced the image noise using the geometric characteristics of the
target object. The target object takes the specified geometry. Second, we use object
tracking to improve system performance. The image processing process takes the most
time in the entire system. When the target object is selected, use the object tracking
algorithm to reduce the overall system turnaround time. This process imporves the
reliability of the entire system by reducing the difference between image frames.

The relative position and attitude estimation algorithms introduce Gaussian Least
Squares Differential Correction(GLSDC) and Newton’s Levenberg-Marquadt(LM) and
are generally known as the Gauss Newton method. GLSDC guarantees convergence
when the starting point of the selected initial value approaches the targer value. The
LM algorithm can reduce the divergence of GLSDC.

The vision-based estimation algorithm estimates the relative position and attitude
information in the object space based on th distance between the object information
on the image plan and the known target object. The algorithms introduced use ground

tests to analyze the feasibility.
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Figure. 3 Structure elements
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Figure. 6 4,8 Direction search area

o
o

X

KA

Figure. 7 4,8 Direction search area of algorithm using contour tracing

=
o

b AApE % gl

A 3]

=
—

1o] gto]

T Fig.89] (b) FE|E HolH 23]7}7]

s

Y o ot mEkA

A2 Q

5 e 7

fto) 7

5

71wzl

MOk Qste] ¢l

ol

ol
U

w1} 21 of

ER

< AAs= =t

PHA =

°

GAL 2¥ L9

Collection @ chosun



Figure. 8 Connected component labeling algorithm example
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281} Levenberg Step Size@ 18] so] 2HTLE FPSE/} Lojx @Abo]
Agth Marquardt= $HEES HOs17] 98] Ho] & (Curvature)-S B33t} gjjo]A| ot
(Hessian)of] tigt ZAFEE (HTWH)®] tizt Y452 7 stefulg Ao dieh 358 et
ot SE-2 WFYe Levenberg-Marquardt(LM) &al2]E2 oo} Zo] A ojdt.

X1 =Xy, — (H'WH + . diag(H"WH)) " H"W /b, (65)

o714 diag(HTWH)S HTWHO] tjzt AR o= o]Fo]x tjz}e§H(Diagonal Matrix)
oltt. LM &118E&L2 ugtol whet Gauss-Newton 2-2 Gradient Descent®HA 7} G-AFSHA 2158
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Table 1: Simulation condition

ki

- Simulation Condition

Drouge size(cm) 10 ~ 50
Distance x(m) 25 ~ 50
Distance y(m) 0
Distance z(m) 0
Attitude Roll(deg) +20
Attitude Pitch(deg) +20
Attitude Yaw(deg) +20

Trial number 300
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Figure. 21 LM method Distance RMSE

- 34 -

Collection @ chosun



Roll RMSE(trial : 300) Pitch RMSE(trial : 300)

Emor Angle{degree)
Emor Angle{degree)

Beacon radius(m) 01 10 x(m) Beacon radius(m) 01 10 x(m)

(a) Attitude roll (b) Attitude pitch

Yaw RMSE(trial : 300)

Ermor Angle(degree)

Beacon radius(m) 01 10 x(m)

(c) Attitude yaw

Figure. 22 LM method Attitude RMSE

-35 -

Collection @ chosun



2) BHAA R AA A Al

e

#lol A

Table 2: Simulation condition

- Simulation Condition

Drouge size(cm) 50
Distance x(m) 10 ~ 30
Distance y(m) 0
Distance z(m) 0
Attitude Roll(deg) +20
Attitude Pitch(deg) +20
Attitude Yaw(deg) +20

Trial number 500

Table 3: RMSE(Drogue size : 50cm)

Root mean square error

Distance x(m) x(m) y(m) z(m) Roll(deg) Pitch(deg) Yaw(deg)
10 0.0001 0.0041 0.0042 0.0057 0.0255 0.0268
20 0.0006 0.0398 0.0383 0.0238 0.1170 0.1178
30 0.0019 0.1358 0.1272 0.0563 0.2650 0.2621
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Table 4: Camera sensor parameters

Camera sensor parameters

Image sensor CVM2000
Pixel Resolution(Hx V)[pixel] 2048 x 1088
Active area size(HxV)[mm] 1127 x 6
Pixel Size(HxV)[pm)] 5.5 x 5.5
Refresh rate(MRR)|[fps] 180

CMV2000 / 4000 - Spectral Response

60% M n A —Monochromei
Aj /\ e IR
¥ U!‘ \\'V
40% \Ml \
W [\
“\\ \
s
\r’\\ \
NE AN IEERN
0% -
350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050
Wavelength (nm)

Quantum Efficiency (%)

Figure. 27 Camera senser spectral response(CMV2000)

Table 5: Lens parameters

Lens parameters

Focal length[mm)]) 16.0
Aperture[f/#] f/1.4 — f/16
Coating Specification[nm] 425 — 1000
Working Distance[mm)] 100 — o0
-39 -
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Table 6: Flter parameters

Filter parameters

800
815 — 1650

200 — 785

Cut-on Wavelength[nm]

Transmission Wavelength[nm]

Rejection Wavelength[nm]

+1

Cut-On Tolerance(%)
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(a) Original image (b) Binary image

(c) Labeling image (d) Final result image

Figure. 28 Image processing
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Figure. 29 Relative distance estimation(using LM algorithm)
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