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Design of auto-focusing system for airborne visible-light cameras
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Abstract: Visible-light cameras are the most widely used optical payloads on airborne electro-optical plat-
forms. Due to their complex and variable operating environments, the automatic focusing function is one
of the key factors ensuring imaging quality. To achieve automatic focusing for visible-light cameras, an au-
tofocus system was developed, and the key algorithms involved in the system were investigated. First,
from an engineering design perspective, the working principle and overall structure of the autofocus system
are systematically introduced. Subsequently, an improved image sharpness evaluation algorithm is pro-
posed, which measures variations in image clarity by analyzing the multi-scale frequency-band energy. Fi-
nally, experiments and analyses were conducted using an electro-optical platform equipped with the pro-
posed focusing system. Experimental results show that the autofocus system can stably achieve automatic
focusing. The improved algorithm exhibits better monotonicity and a larger dynamic range, with no local
peaks. The autofocus time is less than 2 s and the accuracy exceeds 98%, meeting the requirements for

image clarity in both real-time tracking and post-processing on electro-optical platforms.
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Fig.1 Block diagram of autofocus system
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Fig.2 Optical system architecture
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Tab.1 Optical design parameters

S8 {8
G/ pm 0.55~0.75
fEHE /mm 2100
M 4% /mm 250
F= 8.4
P/ mm +3
311 ®JmRBEELEE

T2 2 R ey 5 4 B2 R R AR L
P A6 B0 15 2 7 Ak i 52 e, ROl 2 B RE 4y
S AN [ 3 B AN [R] S DL R AS [ A% B 8 2%
T RGN G LTI DR
JE AR —55~-+70 °C, ®AT R JE AR K F 18 000 m
i BT BT IR R SRR R
[ S I el A U T SN
+0.85 mm,
3.1.2 AEHMHE

FR AT 25 ol 2 3k for (9 2 R R A KL
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pm, HO0 I K A=0. 6 um, 7] 15 3] 6 2F R S5 48
RN

0=+ 2 F*=40.085(mm ). (1)
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Fig. 3 Focusing assembly
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Fig.4 Block diagram of circuit
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Fig.5 Comparison before and after pre-processing
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Tab.4 Evaluation index
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Tenengrad 0.9770 1.47 1

Brenner 0.9518 1.35 2
Laplacian 0.5900 1.22 2
Variance 0.974 3 1.19 2
EnergyGrad 0.970 4 1.15 1
FFT-HF 0.1177 1. 06 1
DCT-HF 0.627 8 1.43 1
GrayEntropy —0.0115 1.07 3
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Tab.5 Stability analysis
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Variance 0.001 42 4
EnergyGrad 0.001 44 5
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DCT-HF 0.001 67 8
Laplacian 0.001 71 9
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