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Super-resolution reconstruction for UAV video

Zhang Yan, Li Jianzeng, Li Deliang, Du Yulong
Ordnance Engineering College , Shijiazhuang 050003, China

Abstract: Objective The resolution of unmanned aerial vehicle (UAV) video has a direct effect on target recognition and
information acquisition, thereby playing a highly significant role in improving video resolution. Currently, super-resolution
reconstruction for UAV is proposed to improve the quality of UAV reconnaissance video for the characteristics of the UAV
camera and camera data. Method The feature matching algorithm based on AGAST-Difference and Fast Retina Keypoint
(FREAK) is primarily proposed to match the video object frame and the adjacent frames. Then, the matching region search
method is proposed to find the corresponding relationship between the target frame and the aerial image, and aerial photo-
graphs are used to make high-frequency compensation of video frame. Finally, solving the optimization of video compensa-
ted by the proposed iteration steps utilizes the Projection Onto Convex Sets ( POCS) method. Result Experimental results
show that the feature matching algorithm based on AGAST-Difference and FREAK has significant advantages in scale, rota-

tion, and viewpoint. The matching region search method improves the high-frequency compensation continuity of UAV vide-
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o. POCS iterative optimization improves the reconstruction capability of edge preservation. Compared with the algorithm

presented in A Simple & Effective Video Sequence Super-Resolution Algorithm, the algorithm in this study is approximately

five times faster, and its image reconstruction is improved by approximately 4 dB. Conclusion In this study, super-resolu-

tion reconstruction for UAV video is presented, and the core of the UAV video super-resolution is analyzed. The feature

matching algorithm based on AGAST-Difference and FREAK as well as the matching region search method are proposed to

solve problems of image registration and high-frequency compensation. The experimental results show that the consistency

and fidelity of the reconstructed image are enhanced, the effect of the image edge detail is especially extremely obvious, and

the processing speed is fast.

Key words: super-resolution; unmanned aerial vehicle; AGAST-Difference; matching region search method; fast retina

keypoint (FREAK) ; projection onto convex sets (POCS)
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Fig. 4 Repeatability comparison under different transformations ( (a) rotation change;(b) brightness change;(c¢) scale change;

(d) noise change; (e) viewpoint change)
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ity B T SURF, 555 T SIFT, {H AGAST-
Difference 53 SE I S I, A7 ARG - 174 3L &2
PERRAE T — A

KT FREAK ik 7RI PEREILH, SCHRL9 ]t 1
TEANAYI, TCITE G IR R e Mg A58 45 L)
LA s T B HA LG SIFT 55 SURF #3415 5
R XA AT R FCHE
5.2 EJF AGAST-Difference 5 FREAK p434iF T
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FIH] Graf FGF 5] HYEE 1 68526 3 iE &R
(BRI 800 x 640 15 3) HE4T T 525, [A] I %)
SURF SIFT & AGAST-Difference 823 #1717 4 1L,
IIHT A SRR B S S A, O TR R A T

B, THREALECE AL ER N Intel FREE DU 17

SHEPUAR, TN 2.5 GHz, BRVERGEN Winl0 64 fi 5
4t AR EE N visual studio 2010 5 OPENCV 3.0,

1R TASCRIL R B A 1
I TR Z) 0 SURF /9 13 4%, ORSE T SIFT, X
JePRUNASSCRE R R T i, i TR s
6], 51 AGAST I 1 RFAE s ARSI o ik 577 1HT,
FREAK #4017 34 288 T SURF 45 SIFT, HIEBENS
T SIFT, HZ b SCHE AR -0 -5 SCHRE S J A5 I 5~
B, A SCETE &R 40 1 B R R 5, BT IO TR
SIPERITC AN LIE BSAAGIE LKA 145

*1 HERMLER
Table 1 Comparison of time consumption for
different methods

SRRIE RRDUFERS FEIRFERT EAERT  BERRERS

Ak

AL /ms /ms /ms /ms
SURF 1557 107.9 559.1 667.0 0.428
SIFT 1952 1723 917.1 2640.1 1.352
AR 1051 17.20 17.08 34.28  0.032

5.3 EERESERAEZH

FIHZSBEFITC AMUE R 2567 G XA A K
FETIAT R B AT 7808, Sei FEEEARSEL
2, THAMLECHE AL BEER R A Intel FEENUAZ 17 56
P, =45k 2.5 GHz, NfFl 8 GB, B 1ER G N
Win8 64 {ii & %5, Matlab R2012 5 VG + + 2008
OPENCV Zuf ¥ 5s . 75 MR A4t 55 i A 5
FHOE POS Bl , Ail 2 ME&S s I3k 3.

R2 ZHRIERASHY
Table 2 Aerial photography and survey specifications

SR
eSS T 2015 48 A
i K S800 7 HEF I AML
A HAX SONY NEX7 Zenmuse %= & R55
AL HASCE £/ mm 24
USRS PR/ MR R 810 x 612
AR LA R 1:1 500
iR P/ G5 5344 x4 032
HUR LI R 1:1 500
B =20 70
R EE/ % 60
sk % 4
(CVEIS 55
X/ km 3
e KHIE AR/ m 373
GPS Bl B HT % /s 1
GPS %4501 4518/ min 3
GPS {25 UL/ min 3

GPS ffi 0> 43 /m
IMU i 0243 H/m

2.049, -0.501,1.381
0.000, -0.201,0. 427

x3 IKWEMMNTE M A E) POS $i#E
Table 3 The POS data of the test video frames
and aerial images
@/ (°) w/(°) k/(°)
358.734 3.2 4.5 87.2
362.523 3.3 4.7 92.1

1% X/m Y/m Z/m
1 114.516 38.576
2 114.437 38.437

FIH %L F AGAST-Difference 5 FREAK f) 4Rk
D BESRVEHE W A0 F D I , R T AR HRR] 44 A5, 25 51
K5 (a) o AT POS il 5[] 24 mi % %€ [ 44 5
Yy, A PR a5 B s is 5 Ao s il
A (2) I HARWE AL PR R 1 4 A L2 GEAR PR
Ay ~ Ay R ICNHLUER A s 78 LR 22 B S 4 L)
FURH A iR 2e 42, il i 50 (3) —(6) I It
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FC DX 4 AR B, ~ B BRI 4 PR %
BRI BRI 4 A s AR i, AR R A A
PRBOZ IR (L5 RANE 5 (b)), X WA HE AT 5 43
M CEERANIEL S () ) HOAS [R) BRA T -5 90 A S 56
100 ¥, FH I} 2.73 s,

*4 ARLRE

Table 4 The coordinate values of the corner

=t a2 X/m Y/m
A, 114.515 61 38.577 32
A, 114.517 27 38.577 12
A, 114.516 70 38.575 35
A, 114.515 22 38.575 61
B, 114.515 56 38.577 39
B, 114.517 16 38.577 14
B, 114.516 83 38.575 22
B, 114.515 12 38.575 59

(b) FREHLPCAL I,

(c) WM
B S X 4

Fig. 5 The results of region confirming ( (a) video frames
mosaic to obtain homonymy points; (b) extraction

matching region; (c¢) high frequency compensation)

5.4 BHBRSIEIR
i PRI A 7 12 HE ( PSNR) A4 7512 2% (MSE ) 17
P 7 i) T A ) PR B HEA T TR
255 x 255

PSNR = 10lg (11)
2 (f1 _fi,j)z/Nl XV,

MSE = Y (f;, =/:)° (12)

PN S EGACE I3 TR R B N, Dy G T E 7
] AR Z B S, F0S 202 (2, ) B AL FEAE
Sy PR MR AN AL PR IS R IR

75 Mot AR = 20 B AU (Aot 810 x 612 1%
R) 2 RO AN B R AR A5 VR 2R IR 75 WU A3 B
FA(EEWT 405 x 306 1R FK) , 73 5l K FH L AL 4
{ELVE SCHR 3 ] 530720 FAS SCRR 5 IR 23 B R A
GIHEAT I PR E A, b SCER[ 3 ] B 5 A R
RS BRI AR 1 75 Wi 1R 61T 43 BE
A, LUHE 32 WU H AR, A1 T HC A 25 ok R A
=0

NIE 6 firz, 5 HA 2 R L, A SCRERY
EIREG AR ER S, NRS IR RK
A AR RS 0 PR B 0% 22 R BUI
JEREPR X2l TR HIVC R X 8 Ry 5 AT
AGAST-Difference 55 FREAK f443:-4F DU Bt Bk |, [fi15
PRATT 0 22 [6] DG P A, ] B/ e B s 4
fiff, A5 BRI S 0 AN Y BE - T A2 R AR 20 R
RAEMA FELNERAT o B T IR SEME R i A A
TGN, e TR R A R R TR AR
BAACORIE T WS R 1 5 B R 40T, BT
DN igeySUETE L S UE SUSER YA

(@) R HERSHEIGATT  (b) WERPERE R4

(o) SCHRBIFLEEEIEUZANTT  (d) ASCHEIRERIEHEAT
Bl6  JLAHLRARER 1 s 4l R Lo

Fig. 6 The details of restoration result comparison of
the first frame of UAV video( (a) the details of high-resolution
reference image; (b) the details of bilinear interpolation
image; (c)the details of image in reference[ 3] ;(d) the

details of image in this article)
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Table 5 Reconstruction quality assessment data

6 45 it

Bk MSE PSNR/dB A6/ s
PYEE LI 186. 07 22.43 <0.05
k[ 3] 151.03 26.22 25.41
A3 63.65 30.13 5.58

&7 Bron 25Xt Coastguard F7 3], 26 AR fL K
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s, BRI R o A SCRIEZ ) 20 I
TR IR B BRI, W SCHRL 3 15835 0 0 78 e, HAS
SCRRERAMERCR R T 3CHKI 3 13290 5 dB. X2
i1 T M SE B AN T R AR 4R A T it ik
PRUBCE A, B RR e X > TR R R
JE i 1R AR S

[l 8 fir 7 Je Coastguard Jy 51 1 72 Wi 1A 25
AR SO T A O e T R PR S SR [3 ]
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Fig. 7 The influence results of the number of iterations
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Fig. 8 Resulis of all frames of several sequences
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