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ABSTRACT

This paper describes the application of Multi-frame based super-resolution method to
enhance resolution of image information from the UAV, and the improvement of UAV’s
ground target recognition ability. To verify this algorithm, we designed a flight/ground
control system, and the UAV, and then the algorithm was validated using the UAV
system with ground target. As a result of the comparison between the pre-applied image
and post-applied one shows that the RMSE is from 0.0677 to 0.0315, NRMSE is from
7.4030% to 3.5726%, PSNR is from 23.3885dB to 30.0036dB, and SSIM is from 0.6996 to
0.8948. Through these results, we validate this study can enhance the resolution of UAV’s
image using Multi-frame based super-resolution algorithm.
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Table 1. Results of image comparison
7|E Hl1E Al oAA
Y A | et ga | T °F
RMSE 0 0.0677 0.0315
NRBMSE(%) 0 7.4030 3.5726
PSNR(dB) (ee) 23.3885 30.0036
SSIM 1.0000 0.6996 0.8948

SSIM : Low resolution image SS8IM : Super resolution result
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Fig. 26. Result image(multi-frame)

Table 2. Results of image comparison
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RMSE 0.0340 0.0194 0
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SSIM 0.9212 0.9471 1.000

Fig. 24. Local image(input image) o

ZIRke] ARE 7ELRE Aol @Y
Aol A9H A=

< 23
Zo T2 Al ZANE9 &]/}301] Eb‘% Flg 2374Eq
A4HA ggkort, SYE B A% 4w 2
ojth. 4104 AT %}iﬂ% ASH= 2y,
98 g4e A LAsol 2 NG APel
3

Fig. 25. Result image(single-frame)

Table 201 @2 A3} 'qm SER

ABGAS dS & glomzg AP Hriyp 2] RMSEE 00340°ltt1 SddFE 7IRES AR
oledtt welx Az /\]-PSUL]-% A AT} Fig. 24 2 wle] RMSEx 0.0194°]th. 1831 NRMSE+
o] 4Y FBE DUIYS VI HGd sk 7 6.0218%, 3.6529% 2] e 7R ol= dF
2T daEES 7—]'7—]' 2-&3F A5 vlust Ao TEHExIF A4St AUAH o R o Ato)
Atk Fig. 25+ DY I 7k s dag  AHAFAS vt =Y O AR H49Y
& 83 AolH, Fig. 26> HEFFF 718 7hibe] @I 7RG § AWsites As
S &3 Aio|t). Fig. 26014 B 5 Id% & 9wtk PSNRES HludS A, A9 4 o
AE7b AAEJY. 2y BEgas Zbter vl Y GAe 242343, ©dId ke



S o 3 =k
j=E=1 h
S Jle]l wAG smad o g
FAsA. o8 B3 FHHOE BFGY V)
=13

v.z =

B =RAE 2AFTIY 2N 2L A 9
Tol B8-S FYAAN Sise] TAr e
APEs 2zEdol WHoz AMAAE
ATE B Ak LTS AA B oje o
g A7 9% Azxde " TEson,
MY 4Ee FA e JFe ol gt ATE
A3k Table 194 LR} Q= B A7)
FueEe A4 ARE W v A=
4o 4FH $F o|FolFom, 53 PSNRY
EEICEE IR IR S I S PR )
g+ 9

T2y o o] dagFole B2 el &
o 7P 2 EAE A4 Alztolt E4g
2T dagF AAT HFskr] o

Fol Bobx =9 ZH| Y F(fps)7F AAsHA

ol 03374 =2etdtt ol& 3 =ZH Sl A

gl oF 3x9] ATto] AQHETE 9u|E, AA

Fo g2 o] FojA &= A H AZ dFoe F3FH

gt ot 187 wiEdd B AT =%

ATE GPUE o] &3t BE Azl F&53k3 Q)

o ol gty oz Tggsi=E 4#H A GPU

of WAHE T IFoE o]l &3 T ALks

WEE AHgste W olth olF ol&std A

G2 Asks s I3 AP oA A

Fde 71 =+ d& A0

fo

-

7

_—

rx ol

2

>
b
b1
1o
R
o
)
l-fO

oxg
[e-

o wEe PAUSE /EATAUAYQY)

o oJgte] AFHUS
References

1) T. Lehmann, C. Gonner, and K. Spitzer,
“Survey: interpolation methods in medical
IEEE  Trans. Medical
Imaging, voll. 18, no. 11, November 1999, pp.
1049-1075.

2) W. Freeman, T. Jones, and E. Pasztor,
IEEE
Computer Graphics and Applications, vol. 22,
no.2, pp. 56-65, March/April 2002.

3) D. Glasner, and M.
“Super-resolution from a single image,” Proc.
IEEE Int. Conf. Computer Vision, pp. 349-356,
September 2009.

4) G. Freedman and R. Fattal, “Image and

image processing,”

“Example-based super-resolution,”

S. Bagon, Irani,

video upscaling from local self-examples,”
ACM Trans. Graphics, vol. 30, no. 2, pp.
12.1-12.11, April 2011.

5) COMANICIU, Dorin; RAMESH,

Visvanathan; MEER, Peter. Real-time tracking
shift. In:
Computer Vision and Pattern Recognition,
2000. Proceedings. IEEE Conference on. IEEE,
2000. p. 142-149.

6) S. Farsiu, M. Robinson, M. Elad, and P.
Milanfar,
resolution,” IEEE Trans. Image Processing, vol.
13, no. 10, pp. 1327-1344, October 2004.

7) T. Lehmann, C. Gonner, and K. Spitzer,

of non-rigid objects using mean

“Fast and robust multiframe super

“Survey: interpolation methods in medical
IEEE  Trans. Medical
Imaging, wvoll. 18, no. 11, pp. 1049-1075,
November 1999.

8) T. S. Huang and R. Y. Tsai, “Multi-frame
Adv.
Comput. Vis. Image Process., vol. 1, 1984, pp.
317 - 339.

9) W. Bai, J. Liu, M. Lj,

image  processing,”

image restoration and registration,”

and Z. Guo,



190 A E - AAE - o B 7 R A

“Multi-frame super-resolution using refined  Conference on. IEEE, 2011.

exploration of extensive self-examples,” MMM, 12) Shin, Jeongho. "Superresolution

pp. 403-413, January January 2013. Restoration =~ From  Directional = Rectangular
10) Jeong, Seokhwa, Inhye Yoon, and Joonki Blurred  Images." Journal of  Broadcast

Paik.
Multi-frame

"UHD TV Image Enhancement using
Example-based Super-resolution."
Journal of the Institute of Electronics and
Information Engineers 52.3 (2015): 154-161.

11) Zhao, Nan, et al. "Multi-Frame Image

Super-Resolution Based on  Regularization
Scheme." Control, Automation and Systems
Engineering (CASE), 2011 International

Engineering 19.1 (2014): 109-117.
13) MOUSTAFA, Marwa, Satellite
Super Resolution Image Reconstruction Based

et al

on Parallel Support Vector In:

International Conference on Advanced Machine

Regression.

Learning  Technologies and  Applications.
Springer International Publishing, 2014. p.
223-235.



