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Fast and accurate detection of infrared dim small target in low
altitude complex scenes
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3. Department of Computer, Civil Aviation University of China, Tianjin 300300, China)

Abstract; Aiming at the high difficulty and high false alarm rate of infrared dim small moving target detection in low altitude and complex
scenes, a precise detection method based on full convolution network and a low-latency parallel processing method based on FPGA ( field
programmable gate array) were proposed to meet the real-time processing application requirements of high frame rate images in the detection system.
A lightweight full convolutional network was used to detect dim small targets in spatial domain, and time domain trajectory correlation on suspected
targets in adjacent frames was performed to further reduce false alarms. The experimental results show that the detection rate and false alarm rate are
significantly improved compared with the five traditional methods. And the real-time processing of 100 Hz image is completed on a single FPGA with
the processing delay less than 1. 8 ms. This method realizes high-precision, high-robust and fast real-time detection of dim small targets in complex
low altitude scene.
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Fig.1 Representative targets in low-altitude complex

scenes and corresponding energy 3D diagram
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Fig.2 Framework diagram of the proposed method
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Tab.1 Network parameter
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Convl 16 1 3x3 1
BN1 16 16 1
ReLU1 16 16 1
MaxPool 16 16 2
Conv2 32 16 3x3 1
BN2 32 32 1
ReLU2 32 32 1
Conv3 32 32 3x3 1
BN3 32 32 1
ReLU3 32 32 1
Conv4 32 32 4 x4 1
BN4 32 32 1
ReLU4 32 32 1
Conv5 1 32 1x1 1
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Fig.5 Schematic diagram of algorithm implementation top-level pipeline architecture
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Tab.2  Network structure after BN layer fusion
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FEOr B EA SCR 0 T 25 T LAhss/ N H AR
ARSI PR RE , IR T Horp i S 2% 1 6 AN 4
FHT PRI 23 A , HoAx 7 90 1 74 I 24
Pt IR BE e gl B R R T R B
b, B BEALASIN T ARl B A5 L AR N 4
H bR Bl 4 AT 1498, 29 13 874 M. 353
25 T 6 AN A ) AT IR, it 6 649 E
ZLAMAEME . N EFRE M LI B AT DU R b
HbRN S HER &5 i B 1% 52 2 1 LY
F i & B 14 3 5 (E 12 LY (scene signal noise ratio,
SSNR) HF-HAHELHEA THIA  (EBOR R I 5t R 4%

®3 MAFIIEEGSH

Tab.3 Test sequence and image parameters

HAx

RS M PHISNR
1 3000 6.413 [0.97, 8.04]
2 399 6.326 [0.62,7.52]
3 751  5.030 [1.47,5.70]
4 1599 4.168 [0.25,5.16]
5 400  3.558 [1.25,4.23]
6 500  6.254 [1.65,5.83]

P4 SSNR 7 L= (7) s o
> ZN:DL',/

SSNR = 101;{ = ] (7)
2{ 21, (Si,j - Li,j)
A, M AN R R 5L, D, AR E B+
HEpR R (i, ) B AR 22, S; ARER AR N (i, )
R O IR BEAEL, S, ARRAE RN (4, ) Y A A8 35K
{H.
3.2 RBEMWRTA
S8 5 IR 5 R TGS A A T e P RE ST
AL PEALT DAL, K I 3335 a8 47 1 B R AL B
FPGA I, IR AL BB AN 11 R
AT

- I VPX AR S FPGA

ShEsEA RN

FLJ AR

K11 A TE R AL BT
Fig. 11 Self-developed image processing board
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Fig. 12 Self-test verification system
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(d) Detection result after

map of adjacent frame correlation
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Fig. 13 Algorithm implementation test results of this paper
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(a) Comparison of ROC curves of test sequence 1
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(b) Comparison of ROC curves of test sequence 2
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(¢) Comparison of ROC curves of test sequence 3
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Fig. 14  Comparison of ROC curves
2.0 GHz, 77K 16 GB 34/ 2 %} Windows 10)
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Tab.4 Comparison of average detection rate, average false alarm rate and average rate of different methods in test sequence

Feo 1 F#5 2 27K F#51 4 F#5 5 LEL I

Y D3 BT

T PR PHIE PSR TR PSR TR PSR VIR CPIE VIR PR THE
W5/ % 53/ o W/ %o L/ %o WA/ o S5/ To WA/ % 556/ %o NS o "5/ % WA/ % 656/ %
MPCM 68.58 47.99 62.25 52.35 35.05 31.96 84.16 25.33 76.11 38.28 39.54 34.49 1.92

RLCM 69.56 4.77 45.40 4.88 39.50 4.54 81.39 4.12 81.90 4.13 40.39 5.13 0.24

STLCF 65.74 3.92 73.59 3.94 57.39 3.95 60.83 3.8 67.24 3.87 82.70 3.91 0.74
47.84 4.09 24.73  3.95

MMTF 33.26 4.19 56.15 4.02 40.12  3.93 35.99 3.98 1.58

TFAS 73.63 0.05 80.49 0.02 72.40 0.02 75.06 0.01 61.45 0.05 74.31 0.08 1.15

S'e 0.72
92.33 0.0 94.42 0.01 93.41 0.0l 91.49 0.0l 91.71 0.01 94.53 0.0l

Ik 100

(FPGA F-5)

3.4 FPGA XUFRSRAEMERESH

5 gy TARAR S ARG DU B30k SE B FPGA
BEUR A A O, FPGA T 5 O Xilinx 2 ®] 7
XC7VX690T, J1- /& T.E.>4 Vivado 2019. 1, 111 2.2
WA, BT R N BE HLAE % 4 (block random
access memory, BRAM) A1 F - 52 B %5 17 o5 2 e
4 fih 4 #% (flip flop, FF) 75 2 G2 47 5 70 KU
NG T S SR T D ANl SR 6| B =
BRAM Fi1 FF (i AR > B 535 84% 5 70% . K
i BRAM F1 FF 9 {f H1 45 ORI T 8K 47 4k
PRI JCBH € i K 13 A7, [A) ) 2 M 1 A Jay A £k
MERE SR R LAE I iR, kb ks &
A ERAE ] DSP A% BE IR SCEE, T PE FES3R
T HIZRIK 76%

x5 FPCA HiEEABER
Tab.5 FPGA resource utilization

R AR AR BEIRAE ]
H #H /%
BRAM_18K 2482 2 940 84
DSP 2748 3 600 76
FF 610 689 866 400 70
LUT 356 926 433 200 82

15 25T FPGA i B IE , 5 B B 7R HL
BRI K 26 b 45 B e g5 KAk 8 A b Bk
1 442 896NN JEl 3, FPGA A1 Jmy A1 4k I 45 th 1Y
B TAESZ S 167 MHz, X 1 5 /N B & 491
8.64 ms, SZPRN AR A P A 150 MHz, iR
/N FRJE 1A 9. 62 ms , A X ] 15 M % 4 A ity
B AE Ky 1. 8 ms, WG R0 /& 100 Hz G S

Ab PR

1 442 8964}t B 13

, T
T T

K15 ik FPGA SEHU HE
Fig. 15  Algorithm simulation waveform based on FPGA
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