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Abstract: Background radiation noise interference is a difficult technical problem for dim signal detection. A
dim target detection algorithm was proposed which can significantly improve signal-to-noise ratio (SNR) to
achieve uniformly motion dim target detection successfully. Firstly, a coordinate space and a velocity space
were established. Then the original image sequence was stacked along different velocity vectors to acquire a
new image sequence with SNR improved and the new image sequence forms an image space. Secondly,
quasi-target points in the image space were detected by constant false-alarm ratio (CFAR) judging. Finally,
velocity vectors and coordinate vectors of quasi-target points were mapped to the velocity space and the

coordinate space respectively. As a result, two local peaks from the spaces will confirm true target points.
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Experiments of real images from actual IR imaging system show that proposed algorithm can improve SNR

approximately up to VN times of original image SNR, and the proposed algorithm is demonstrably superior

to compared algorithms on detection probability and false alarm probability.
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Fig.1 Contrast of real scene dim target and simulated dim target
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Fig.4 Effect of velocity step on SNR improvement
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Tab.1 Parameters of IR detectors used

in experiments

Camera 1 Camera 2
Spectral range/pwm 3.7-4.8 3.7-4.8
Field of view/(°) 11x8 6.1x4.88
Focal length/mm 46 60
Pixel size/pwm 30x30 30x30
Pixels 320x256 320%256
Frame frequency/Hz 50 50
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Fig.5 Detection result of simulated dim target
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Tab.2 Contrast of SNR before/after detection

SNR before SNR after .
detection detection Theoretical SNR
Sequence 1 1.68 4.68 4.75
Sequence 2 1.77 4.90 5.01
Sequence 3 1.87 5.14 5.28
Sequence 4 2.00 5.42 5.65

Sequence 5 2.13 5.85 6.03
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Fig.6 Contrast of dim targets before/after detection
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Fig.8 Detection result of real scene dim target

Kl 8(al) , (a2) Ry 751 EZR H i — T, ORI 55
HARXS L EE RS 5 5 T R, ] 8(al) )R8 SNR 242.07,
&l 8(a2)Jai B SNR A 1.66; & 8(c1) . (c2) A6 i 5] Ak
i 23 1] o) SR A A8 8] 8(d1) ., (d2) Jy 46 I 5] 33 J3F 2% (]
JRI AR 5 T 8(b1)  (b2) A 25 5L | K] 8(b1) 55 H
Fr )RR SNR A 547, K18 (b2) 55 H AR SNR A
4.69,

o JE A — AR SRRy R R S 555 H bR ER
TR R A A I P R, ] ERERE R DU A 55 H A A I
BRI AL, SER R A A 6 S E B RX L
FERAZFS, BAFFIA 1000 WiEE, 6 HEGT
G125 05 W LE RN L EE B AN R R 1. SNR=
3.42,C=1.02x107"; J3*%1] 2.SNR=2.28,C=6.88x1072;
¥4 3:SNR=1.84,C=5.70x10"%; J¥¥1 4.SNR=1.76,
C=4.09x1072; J#%1 5.SNR=1.69,C=3.27x1072; J7-416:
SNR=1.61,C=2.14x1072, 52 [ K5 I A% 25 1 Rl 85 Ak %2
SR 3 K 4 FroR ik B 22 SCER 11 Y
o 0 ABE 22 R R A SR e T vk in X (17) L (18) i
TN HPRR A SR I B b, AR B
CFAR il B3 . J5 =Fhoh Z Wikl 5wk, i 745 —
FhAG = Fh BB AR IE T CFAR, O T AT Y K2 2 A
RG—WE N Pp=10", 31 HR 5 = Fh 8k 50E b 3
W%k N=8

1 91 e K U 5 B
P W s A 0% (4D

PR P 91 K1 0 T
P T e 0% (1)

H2e 3 FIEE 4 vl 50, SCh BN 6 4% 751
FR) ARG 00 A 25 2 de e 0, TR IS, SC AR B R 6 IR

Row 00




3506 L Lok TA2

% 44 A

B 1) R R R B IR R S SR 7-8 1 Bk
T T P 2L 9] oA 00 AR 25 R AR SR S Rk
PEI (02 Bl A M LL 0 B LA R BE R B
B S 14 A B 2 G0 ARE 3L T B ARG I B0 | Rl
3R 1 T BT I B0, SRRk BB A AL S LR L
ARG REEA MR EHRREREARRLER BT,
SR BRI A A AR e A R A 3 T AR A L
il 4 FPERHE

xR 3 ARAHEZELRE BRENBEER

Tab.3 P, of different algorithms under real scenes

Reference Reference Reference Proposed

CFAR [2] [8] [7] algorithm
Sequence 1 87.40% 88.50%  97.00% 100% 100%
Sequence 2 72.70%  86.60%  97.60% 100% 100%
Sequence 3 64.90%  75.00%  72.80%  71.70%  90.30%
Sequence 4 67.40% 7290%  60.70%  41.50%  91.60%
Sequence 5 63.70%  70.70%  50.80%  39.30%  84.80%
Sequence 6 58.00%  58.00%  50.60%  43.70%  78.90%
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Tab.4 P, of different algorithms under real scenes

Reference Reference Reference Proposed

CrAR (2] [8] [7] algorithm

Sequence 1  4.22%  17.29% 2.31% 1.48% 0%
Sequence 2 4.97%  14.26% 1.91% 2.53% 0.30%
Sequence 3  3.85%  19.27% 3.83% 7.48% 0%
Sequence 4 0% 1.62% 4.15% 1.43% 0%
Sequence 5 1.85% 6.36% 5.40% 0% 0%
Sequence 6 0.68% 7.64% 4.33% 3.96% 0%
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