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Abstract The popularization of unmanned aerial vehicle (UAV) has brought great security risks to people. A UAV
video detection algorithm based on the active subspace robust principal component analysis (ASRPCA) fused with
the five-frame difference is designed to solve this problem. First, an alternating iteration method combined with the
augmented Lagrange multiplier method is used to optimize and solve the ASRPCA model, thereby obtaining the
background image of the current frame of the video sequence. Second, the background image replaces the
intermediate frame of the five-frame difference. Finally, differential binarization operation is performed
simultaneously on the intermediate frames, previous two frames, and subsequent two frames. This makes UAV
have a better detection result and a denoising ability. The experimental results show that under different
backgrounds, compared with the algorithm of total variation regularized RPCA (TVRPCA), the average of recall
rate, precision rate, and comprehensive performance of the proposed algorithm is increased by 5 percent,
4.8 percent, and 5 percent, respectively. The running time is approximately 0.51 s per frame, which meets the
offline real-time requirements of the target algorithms.
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Fig. 2 Comparison results of UAV detection using different algorithms under different background sequences
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Table 1 Measured value P,R.F of various algorithms
Five-Frame Optical Proposed
ViBe+ GMM+ TVRPCA
Video Difference+ Flow—+ algorithm

R P F R P F R P F R P F R P F R P F

(a) 0.85 0.91 0.89 0.92 0.75 0.83 0.89 0.83 0.86 0.62 0.90 0.73 0.87 0.94 0.90 0.91 0.93 0.92
(b 0.46 0.83 0.59 0.88 0.74 0.80 0.81 0.63 0.71 0.82 0.66 0.73 0.86 0.84 0.85 0.92 0.91 0.91
€9 0.58 0.79 0.67 0.86 0.70 0.77 0.87 0.71 0.78 0.63 0.77 0.70 0.85 0.86 0.85 0.89 0.85 0.87
(d) 0.53 0.87 0.66 0.84 0.73 0.78 0.92 0.72 0.81 0.63 0.81 0.71 0.86 0.81 0.83 0.91 0.92 0.91
(e) 0.37 0.88 0.52 0.89 0.62 0.73 0.90 0.89 0.89 0.59 0.80 0.68 0.89 0.90 0.89 0.94 0.93 0.93
D 0.79 0.85 0.82 0.71 0.80 0.75 0.92 0.49 0.64 0.11 0.57 0.18 0.84 0.83 0.83 0.87 0.85 0.86

(g) 0.51 0.86 0.64 0.81 0.79 0.80 0.79 0.80 0.79 0.21 0.87 0.33 0.86 0.89 0.87 0.93 0.88 0.90
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Table 2 Measured value P, R, F of Gaussian noise with

different variances

Variance R P

-

Algorithm

B R ViBe B W AR T L5, M7 24 0. 02 B 0.001  0.46 0.81 0.59
T T E T B B A MR 7 I@([GJE&LE’J%Yﬁ Five-Frame Difference+ 0. 005 0.46 0.78 0.58
0.01 0.46 0.54 0. 50
N : =, R A3 R 57y
A7 K 4 4 B 50 TS,
JLP A AR ZEE S2 O IRI  mRR 0.001  0.82 0.66 0.73
ARV R AE A R J7 2648 D0 T A 5 ) HL 45 GMM + 0.005  0.82 0.62 0.71
RNEK 2 s, W3 2 a] LUE W, i 48 5005 45 Ui 4 0.01 0.81 0.53 0.64
— [P N =) e N 0.02 0.81 0.50 0.62
P 7E AN [ F e 75 o 3187 Shy e A . SCR (5 ] e s Ay 0 i 000l 088 071 080
GMM FI TVRPCA , i 5 M 75 i 35 K, A [l 48 o i 0.01  0.87 0.55 0.67
SR 2 P A 3 9667 6 MW/ 7 8 0 0.0 0.85 0.43 0.57
HRL6 TR G ) 3 A BR LT A8 L (R i ‘ ool ol 0,88 0.5
. TVRPCA 0. 005 0.90 0.85 0.87
P TR RS, EAf R B AR 0. 01 0.90 0.82 0.85
T B E BT AR B IS AT R 7R AN R PR 0.02  0.89 0.78 0.83
%FHKIEJE’\J%%,T*HIEJE’Jiﬁﬂi‘%TLﬁ%Bﬁo 0.001  0.86 0.63 0.71
%:2 3 % A ;%; VY IE AT R L T LLE M, Optical Flow+ 0.005 0.86 0.63 0.71
0.01 0.86 0.63 0.71
ﬁﬂt[ﬂﬂﬁlﬂtﬂ’]ﬁ%% ;R R Rt T SR SR R AR 0,02 0.8 063 0.7
T BRPTHREL L ol 0 O 25 oy BRE R S, 0.001  0.92 0.90 0.91
{Eﬁﬁﬁﬁff A6 A 300 ﬁi%ﬁ{ig Fﬁh%‘%ifi 60 I Proposed algorithm 0.005 0.92 0.89 0.90
BUMTAE HORETEL Y 30, 71 s, 5 WUEEIT 2% 0. 51 s, 0.01 091 0.88 0.8
. e — Ay — . 0.02 0.91 0.87 0.89
FEL T AT G B ARk A SERH R
S8 RSO 35 7 I %
Table 3 Comparison of running time of different algorithms unit: s
Algorithm (a) (b (e) (d (e) Average
Five-Frame Difference+ 24. 80 25.23 27.02 24. 24 26.28 26. 30
ViBe+ 98.78 93.43 95. 87 96.13 96. 41 95.12
Optical Flow—+ 101. 14 102. 62 101. 98 104. 34 102. 82 103. 27
GMM+ 76.59 75. 31 76.59 76.23 73.72 75.69
TVRPCA 256. 30 236.45 255.23 232.27 246. 46 226. 37
Proposed algorithm 31. 16 30. 79 30. 27 31. 30 30.03 30.71
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5 4 1w

T — R LT ASRPCA I Wi 22 43 Bl & Y
To NATUAIATRS I 35595 L 1% 950938 18 ASRPCA 7 4%
T T AR T S5 i B A AR Ay it 2 43 1 v T
P AL 24 % R TS R T S AT 22 4L il
AFAETC MRS DU 2o 2 9 B T 1% 48 il 22 0[5 5 5t
R SR 23 7 B N A2 A BE T e 75 5 ),
B H A B A B TR SR 0 3 IR R R LA
PERE XA — o B . TR BEAE & A R R R/
st 7 A 0 A0 81) X6 TG A WILATS A 25 A T 3k
S I EAG D R A e, B MTRE B 20 0. 51 s, HEAS
AT DL A 4R S W I A 7 R EAE SE PRI BT
bR TOCHR AT RSN ML AN, T ANLE H AR/ B
By A R A A 2 X B i A R ), T O 3
— B AN L 5 M 952 3 AR R I R
T SR BETE T 1
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